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Palaeontology. — ''On fossil Trichechids from Zealand and 
Belgium.'' By Mr. L. Rutten. Communicated by Prof. C. E. 

A. WiCHMANN. 

(Communicated in the meeting of March 30, 1907). 

Last summer a fisherman found opposite the village of Breskens 
in the West Scheldt a large skull, which Dr. S. Schouten secured 
for the Geological Institute of Utrecht University. 

The fragment belongs to an old Trichechus, but differs in some 
respects from the now living Walrus. On closer examination it 
appeared that the skull must be of the tertiary Trichechus Huxleyi, 
of which until now only tusks were known, found in the "Red 
Crag" of Suffolk. These were described by Ray Lankester. Of the 
skull the description will be given here. 

The plan suggests itself to compare the fragment first with the 
walrus of recent times and then with the already known fossil 
Trichechids. 

1. Description of the skull and comparison with the loalrus. 

The most conspicuous point about the skull is its remarkably good 
state of preservation. It has this in common with some remains of 
diluvial mammals, also found in the river Scheldt. The skull, to be 
sure, arrived here in several pieces, but the broken edges were absolutely 
fresh and all parts fit perfectly together. Probably the fossil only broke 
when it was being dredged. As to completeness the skull leaves nothing 
to be desired, since onlj- parts of the nasal, maxillary and frontal 
bones, part of the vomer, the conchae and a few teeth are wanting. 
The skull was filled with a fine-grained grey clay; the outer wall 
of the cranium was overgrow with Balanids and Bryozoa. Although 
the fossil is very heavy, a chemical analysis of a little piece of bone 
revealed nothing particular. It still contains pretty much organic 
matter and consists for the rest especially of CaO and P,0,, while 
a small quantity of ferric hydroxide colours the bone dark brown. 

That our Trichechus is full-grown, is proved by the fact that all 
sutures are absent and by the strong development of all ridges. 

As material for comparison we had at our disposal 24 recent skulls 
and 26 pairs of tusks. Very unpleasant was the great variability of 
the recent walruses. Certain characteristics vary so strongly in 
different individuals that with the limited material one always remains 
uncertain whether the analogous characteristic in the fossil lies within 
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the limit of variation of the recent animals. It will appear that in 
most respects the fragment approaches the old walrnses, but that 
the tusks deviate considerably from those of the living animals. 

Looking at the hind side of the fossil skull, one is at once struck 
by its relatively great height. This is caused by the strong develop- 
ment of the mastoid process and by a high ridge on the lambda 
suture (crista lambdoidea). 

Dividing the height of the skull and ihat of the mastoid process by 
the breadth of the skull, we obtain two quotients, which for the fossil 
are greater than for the walrus. In determining these quotients the 
height of the mastoid process was measured by the vertical distance 
between the lower edge of the foramen magnum and the base of the 
mastoid process. The differences found are small, however; for this 
characteristic the fossil stands consequently at the end of the variation 
series of the walrus. The strong relief on the mastoid process and 
the extraordinary size of the crista occipitalis externa as well as of 
the crista lambdoidea are characteristics which the fossil skull has 
in common with some old walruses. 

Small deviations are also found in the vicinity of the foramen 
magnum. The canalis hypoglossi always opens with the walrus into 
the inside of the condyli of the cranium with two openings at each 
side, whereas the fossil only shows a single small opening. But this 
characteristic has not much value, since the aperture of the canalis 
hypoglossi always Aaries strongly. The foramen magnum is much 
more flattened dorsoventrally with the fossil than with the walrus> 
but this too is a very variable characteristic. Comparable numbers 
are here obtained again when the breadth of the foramen magnum 
is divided by its height. The condyli • occipitales are in the fossil less 
strong than normally and present a shuttle-like appearance, while 
in the walrus they project more and more when we proceed 
upwards ; also they here project above the upper edge of the foramen 
magnum, while there they remain below its upper edge. 

Of all these small differences the shape of the condyli and of the 
foramen magnum have the greatest importance, while the height- 
ratios and the aperture of the canalis hypoglossi are of less value. 

The base of the skull shows no more differences with the walrus 
than the back part. The length of the two skulls compared with' 
their breadth, agrees entirely. The first difference concerns the position 
of the foramen lacerum and of the canalis alisphenoideus. These 
namely lie close behind each other with the walrus, while with 
the fossil they are separated by a rather massive bony lamella, 
extending from the os petrosum towards the pterygoid piocess. Also 

1* 
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the cup for the joint of the lower jaw is very broad and the result 
of this is again that the pterygoid processes have approached each 
other closely. Further changes appear at the frontal side of the skull- 
base by the size of the alveoles of the tusks. 

The alveolar outer wall shows a lateral projection as with the 
walrus, only slightly more massive ; the distance between the two 
projections is consequently also somewhat greater than with the 
walrus. We divide this distance again by the breadth of the skull : 
the fossil lies at the end of the variation series of the walrus. But 
the size of the tusk-alveoles produces still another difference. It 
causes namely the rows of teeth to be squeezed together, so that 
the distance of the two incisors, compared with the breadth of the 
skull, is extremely small. But this also occurs with some old wal- 
ruses. Moreover the lower side of the upper jaw differs in shape : 
in the walrus it is broad and hollowed, in the fossil narrow and flat. 

The lateral face of the skull presents in more than one respect a 
great difference with the walrus, namely in the shape of the tusks. 
In all the former properties the fossil approached the old walruses 
and if also the tusks had little deviated from theirs, the reasons for 
making a distinction would have been rather feeble. But this is not 
the case. The curvature of the tusks is with the fossil much stronger 
than with the walrus. If we determine the radius of curvature 
of all the tusks, we find it in the fossil to be 27 centimetres, for 
the walrus never under 38 cms. It must be noted that such a small 
radius of curvature only occurs with young, female walruses with 
relatively weak teeth. In older animals, however, with which we 
must compare our skull, the radius of curvature was never under 
45 cms. and mostly over 50 cms. Whereas in the former properties 
the fossil resembles the old walruses, it deviates very strongly from 
them in regard to the shape of the tusks. Also the tusks are more 
elegant and the right tooth shows deep longitudinal grooves. 

From the tusks we may also draw a conclusion as to the age of 
the animal. With young individuals the pulp cavity is very deep ; 
with advancing age it gradually fills with osteodentine. With the 
fossil now the pulp cavity only had a depth of 3,5 cm. Also the 
thickness of the tusks is greater in the middle than at the base, 
which points to the period of strongest growth for the teeth being 



Again the considerable corrosion of the teeth point to an elderly 
individual. 

If we now summarise the results of the comparison of the fossil 
with the walrus, we may state: 
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That the fossil skull belongs to a walrus-like animal, whose sktill 
in general differs only little from recent animals as to strength of deve- 





Cross-section of the base of the tusks of Trichechus Huxleyi. 
Found near Breskens in the West Scheldt. 

lopment, but deviates entirely from them by the shape of the tusks. 
It is a pity that for comparative anatomy the value of the frag- 
ment is nil, for it presents many properties of Trichechus, such as 
the strong crista occipitalis externa, the big mastoid process and the 
massive bulla ossea still more typically than the recent animals. 

2. Comparison of the skull with already known fossil Tricliecliids. 

Fossil remains of Trichechids are known from North-America, 
England and Belgium. Also skulls of Trichechus rosmarus have been 
described from the subsoil of Paris (17), Hamburg (10) and Cologne 
(25), but it has been proved that they were carried there by man. 
The North- American finds seem to belong to the pleistocene and 
miocene (21). The tertiary skull deviates in the number of molars 
from Trichechus rosmarus (^8); the pleistocene remains are identical 
with Trichechus rosmarus, although De Kay has classed a skull 
fragment from Accomac County in Virginia under a fossil species 
Trichechus virginianus. 

The English fossils were first found in the **Red Crag" of Suffolk, 
where, however, they are in a secondary "Lagerstatte"; probably 
they belong to the older pliocene. (19). Later they have also been 
found in the "Cromer Forest Beds" (32). They are only tusks, 
distinguished from the tusks of walruses by strong curvature. 
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smaller thickness and deeper longitudinal grooves. Also Ray Lankkstrr 
is of opinion that in general they are bigger than those of the 
walrus, although the maximum size of the two is the same. So these 
tusks show a very good agreement with those of the Zealand fossil. 

The Belgian Triehechids, occurring in the "Crag" of Antwerp, 
have been described by P. J. van Beneden in a work of splendid 
get up (26). The only pity is that the contents do not harmonise 
at all with the exterior, since to a dangerous imagination more scope 
has been given than to accurate description and careful criticism. 
When the fortifications round Antwerp were dug, fossil remains of 
Pinnipedia were found in very different places and at different times : 
they were treated by van Beneden in the following manner: 

"Voici, comment nous avons procede: Apres avoir r6uni tous les 
OS de phoque, .... nous avons reuni tous les os de meme nature 

c'est a dire, les humerus, les femurs etc Apres cette premiere 

operation nous avons reparti les os longs apres leur taille, ayant 
devant nous les memes os des especes vivantes. Si Ton considere, 
que la plupart des pieces se repete plusieurs fois, il n'est pas 
difficile, .... d'etablir par mi eux des groupes generiques et specifiques. 
Quand cette operation est faite pour les os comme les humt^rus et 
les femurs, .... on leur rapporte les autres os, en se guidant d'abord 

d'apres leur dimension Nous avons alors etale les humerus, les 

femurs, les vert^bres etc. des diverses especes europeennes et nous 
nous sommes assures, de quelles especes vivantes nos phoques fossiles 
se mpprochent le plus. En repetant la meme operation pour les 
autres os, nous sommes arrives ainsi k composer nos especes eta en 
etablir un certain nombre avec une certitude entiere." 

Hence when van Beneden had established a new species by means 
of a single bone, he added to this bone what fitted best in size, a 
method which theoretically has some good points, but which in 
practice, with the very incomplete Antwerp material, presents so 
many difficulties, that the determinations of van Beneden must a 
priori be received with some misgivings. In any case, only the first 
l)iece of bone, on which a species was founded, may be regarded 
as having been definitely determined; all the other bones, added to 
it, must be critically re-examined. 

VAN Beneden describes three species of Triehechids, which he refers 
to three genera. Of these Trichechus rosmarus is supposed to be 
diluvial; the two othei'S, Trichecodon Koninckii and Alachtherium 
Creteii are tertiary. 

Of the common walrus only a scaphoid and an incomplete vertebra 
are described : *'qui ont ete quelque temps confondues . . . .' avec les 
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animaux quaternaires terrestres. On les avail places ctc6tede Rhinoceros"! 

The genus Trichecodon was based on a small fragment of a tusk 
which has now even been lost and of which a cast only is left at 
Brussels. This strongly rounded fragment, however, is not typefied 
by a single characteristic, and so it will always be impossible to 
ascertain whether later remains really belong to it. But in this way 
the genus Trichechodon loses any right of existence and the bones, 
referred to it, must be regarded as undetermined. 

Alachtherium is first mentioned in an oration of Viscount du Bus. 
Of this Trichechid only half a mandible was known then. Also in 
this case van Beneden has added to this lower jaw a whole series 
of bones from the neighbourhood of Antwerp. Among these also a 
fragment of a skull occurs, of which van Beneden gives the follow- 
ing description, accompanied by some large, but not very happy 
illustrations. 

"En comparant la tete d'Alachtherium avec celle du Morse, nous 
voyons des differences fort grandes dans la disposition de certains os. 
Vu par devant, le crane est beaucoup plus 61eve et les parties laterales, 
form^ par le temporal surtout, sont plus ^tendues en dehors et en 
dessous. II en resulte, que pai* la partie sup6rieure, le crane se 
rapproche plus de celui des Otaries et par les parties laterales de 
celui des Morses. Le crane est bris6 en avant de maniere que la 
boite est restee enti^re, et les os frontaux ne prennent qu'un faible 
part a la formation de la cavite cranienne. Le crane, vu par la face 
posterieure, montre Tos occipital s'elevant verticalement tres haut 
comme dans certaines Otaries adultes et les parties laterales et infe- 
rieures, formees par le temporal, sont tr^s massives en., meme temps 
qu'elles descendent fort bas. Les deux condyles sont brisks. . . . Vu 
sur le c6te, le crane pr^sente Paspect d'un casque; il est beaucoup 
plus ^lev^ que dans le Morse et la conformation de toutes les regions 
est compl^tement differente. . . . Tout le dessus du cr^ne est aplati 
et une bordure veritable separe cette region superieure en avant des 
OS de la face, sur le *c6te des os des lempes. Les pari^taux sont fort 
bien indiqu^ au devant de I'occipital et sont disposes de maniere k 
ressembler au premier abord, k des os nasaux". 

Not to mention a few inaccuracies, the differences with the walrus 
might have been indicated in less vague a manner, so that a new 
comparison does not seem superfluous: 

Looking at the skull in front, we notice several differences with 
the walrus, which all have led to an alteration in the shape of the 
parietal. For with the walrus this bone is clearly convex at both 
sides while with Alachtherium a concavity is found which only for 
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a small part must be ascribed to decrease in size of the eraninm. 
It is chiefly caused by the development of a gigantic crista lambdoidea 
and by the big mastoid process, as well as by the form of both. 
The crista lambdoidea namely by its size draws the parietal upwards 
and since in a median direction it extends far to the front, it exerts 
this influence over a great part of the circumference of the parietal. 
The stronglj'^ developed mastoid process, especially by its frontal 
position, draws the lower edge of the parietal and the upper edge 
of the squamosum outwards and therefore has the same effect at the 
lower side of the parietal as the crista lambdoidea at the upper and 
posterior side: the two together produce the concave shape of the parietal. 
While now the strong development of the crista lambdoidea and the 
increase in height of the mastoid process also cause an increase in 
height of the skull as compared with the walrus, it is at the same 
time broadened by the frontal position of the mastoid processes. For 
these are placed with the walrus in a slanting forward direction 
and are also smaller than with Alachtherium. So we cannot wonder 
that the absolute height and breadth of the skull exceed the corresponding 
dimensions of the walrus, but that their ratio lies within the limit 
of variation of recent animals. 

Other differences with Trichechus rosmarus are found at the base 
of the skull. With the walrus a very large bulla ossea extends from 
the external edge of the basioccipital and basisphenoid as far as the 
mastoid process and as far forwards as the fossa glenoidea; a moi-e 
or less distinct groove separates this bulla ossea, in a rostral and a 
caudal part. With Alachtherium, however, the bulla ossea is very 
small and in this respect it deviates distinctly from the Trichechus 
type. Corresponding to some extent to this circumstance the fossa 
glenoidea lies far backwards in Alachtherium : the space between 
the articulation and the mastoid process is very small. While now 
with the walrus the fossa glenoidea extends on the jugal process of 
the squamosum, so that above it the squamosum rises in a slanting 
upward direction, with Alachtherium it lies far less free and in front 
of it the squamosum rises steeply. We shall see later on that this 
is of importance when dealing with the mandibles to which the 
cranial fragment was said to correspond by van Bknedkn. 

A further difference is found at the border between basioccipital 
and basisphenoid. Not to mention a frontally diverging crista and a 
roughness on the occipital on both sides behind it, these bones pass 
gradually into each other in the walrus. In Alachtherium the outside 
of the sphenoccipital suture is strongly thickened; a real knob has 
formed which only at the left side has been preserved. The back of 
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the basisphenoid now rises at the lefl to a great height against this 
knob and, instead of following the cranial ba«e normally, it is situated 
here almost sagit tally : the complete basisphenoid must consequently 
have shown a deep median groove. Analogous changes have occurred 
at the basioccipital, w^hich towards the knob shows a deep concavity. 
By this the angle between basisphenoid and basioccipital has also 
become more acute than in the walrus. 

In order to compare the back of the skull with that of the walrus 
we placed the fragment in such a position that the upper edge of 
the parietal has a slight forward inclination, as this is also the case 
in a walrus skull, placed on the table without tusks. 

Then with both the basisphenoid rises slightly in a forward and 
the basioccipital in a backward direction, so that their positions 
may be considered as corresponding. 

With Alachtherium the outline of the posterior part of the skull 
then shows one important change, caused by the strong crista 
lambdoidea and the broad miastoid processes. For this causes the 
back of the skull to consist of a narrow supra-occipital and a very 
broad tempoml part, a phenomenon which also with old walruses 
is sometimes indicated to some extent, but never so strongly as with 
Alachtherium. Moreover Alachtherium has a very small cranium : all 
bones are uncommonly thick. Further in Alachterium the crista 
lambdoidea runs in a median direction far to the front and even 
shows a tendency to pass into a sagittal ridge. As compared with 
the walrus this phenomenon becomes very striking by the complete 
absence of the crista occipitalis externa. Where consequently with 
old walruses the occipital superius is strongly convex by the massive 
crista occipitalis, it shows with Alachtherium a deep median fold. 
Compared with Trichechus the hind skull of Alachtherium thus shows 
three modifications: absence of the crista occipitalis externa, size of 
the mastoid processes, and shape of the crista lambdoidea. The dif- 
ferences at the side of the skull are not very great and we are 
certainly not justified in stating, as van Beneden does: that "la 
conformation de toutes les regions est completement difl'erente." 
Especially with the skulls of old male walruses Alachtherium shows 
many points of resemblance and it would almost appear as if van 
Beneden had only a small material for comparison at his disposal for 
his description. 

The many changes which the skull of Alachtherium shows when 
compared with the skull of Trichechus, have not deprived it, though, 
of its Trichechid character. But there are three phenomena which 
bring it nearer the Otaridae: the smallness of the bulla ossea, the 
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absence of the crista occipitalis and the tendency- of the crista 
lambdoidea to develop on the skull into a sagittal ridge ^). 

What reasons had v. Bknrden to coordinate the cranial fragment to 
the mandible on which Alachtherium is based? He does not state 
them anywhere: 

"On ne possedait d'abord de ce curieux Amphiterien d'autre os 
que le maxillaire .... Nous rapportons k ce meme animal . . . ., 
le crane que nous r^presentons . . . ., les vertebres cervicales etc. 
etc La forme du maxillaire inf^rieur indique une confor- 
mation toute particuliere de tous les os en face . . . ." 

The question now is whether on the contrary it cannot be shown 
that cranial fragment and mandible do not belong to each other. 
This seems indeed to be the case : 

The lower jaw deviates strongly from that of Trichechus and 
points in fact to a "conformation toute particuliere de tous les os 
en face". But as the hind skull of Alachtherium does entirely 
conform to the Trichechus type, it is unjustifiable to assume for the 
lacking part an entirely deviating shape, only in order to be able 
to fit the skull to the lower jaw. 

The hind skull has much more massive and coarse bones than 
Trichechus, the mandible on the other hand is larger than that of 
the walrus, but of a much more elegant and fine build: also in 
their structure skull and lower jaw have consequently opposite 
characters. Also the lower jaw is too big for the cranial fragment. 
For the cranium belongs to an old animal and so the lower jaw 
should certainly not be much too big for the skull. If we now 
divide two dimensions of the walrus and of Alachtherium, we find : 

Walrus Alachtherium Alacht. : Walrus 
distance of the fossae glenoideae 13.5 14.5 107 

length of the mandible 24.7 35.7 144 

Hence we here obtain again such abnormally great diflFerences of 
two dimensions between the walrus and Alachtherium that the 
otherwise considerable analogy of the skulls does not permit us to 
ascribe mandible and skull to one species. The principal argument, 
however, is found in the shape of cranium and mandible. 

We saw that with Alachtherium the fossa glenoidea has a much 
less free situation than with Trichechus. With the latter the mandible 
has a short, vertical coronoid process, which consequently easily 
finds a place in front of the squamosum. The lower jaw of Alach- 



1) J. A. Allen (30) slates about Trichechus obesus that this also has a small 
bulla ossea. 
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theriura, on the other hand, shows a long coronoid process, which 
has a backward and slightly inward direction, and which on account 
of the un-free situation of the articulation of the cranial fragment, 
must inevitably come in collision with the squamosum; hence the 
two bony pieces cannot possibly belong together. 

So we may conclude that the skull described as Alachtherium 
does not belong to this species. No more can it belong to Triche- 
codon, since this genus must disappear from literature. So it must 
be regarded as undetermined. 

Finally the "Musee d'Histoire naturelle" at Brussels possesses still 
another Trichechid skull, floated ashore near Heyst and considered 
to be diluvial. It is the cranium of a very old male : the sutures 
have all disappeared and the tusks are almost entirely used up: 
The preservation is exactly as that of the Zealand fossil: the bones 
have turned brown and the teeth entirely black; the skull is very 
heavy and perhaps has become partly siliceous. Besides its shortness 
and a strong development of the alveoles of the tusks, the fossil 
shows no differences with the walrus: these two cha^fteteristics, 
however, give it a very square appearance. But these small diffe- 
rences give us no right to regard the skull as a new species: it 
seems to be an ordinary Trichechus rosmarus. After having dealt 
with the known skulls, we must assign a place in the system to 
the Zealand fossil and to the Antwerp hind skull. They belong to 
different species. The resemblance of the tusks of Trichechus Huxleyi 
with those of the Zealand cranium was already pointed out. The 
curvatures of the tusks of Trichechus Huxleyi, drawn by Ray Lan- 
KESTER, are: 

21, 27, 30, 38, > 50, > 50 cms. 

Hence they agree much better with the Zealand tusks than with 
those of the walrus. Also the cross-sections of the tusks showed 
analogies and so we may safely class the Zealand skull under 
Trichechus Huxleyi. 

If we ask what age must be attributed to the skull from the 
Scheldt, we must bear in mind that the good state of preservation 
pi*ecludes a long transport. Hence the skull must have been dislodged 
out of the bottom of the river. What sort of soil do we find there? 
Formerly already Dr. de Man has described remains of diluvial 
terrestrial mammals (35), which were also fished from the Scheldt 
and pai'tly even very near the spot where also the Trichechus was 
found (36). Now it is very improbable that the Trichechus and the 
terrestrial mammals come from the same layer, since both are well 
preserved. In the year 1879 Dr. Seelheim published some profiles 
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of Zealand, based on borings and showing that in the West Scheldt 
occasionally tertiary layei*s occur. Since it is of course impossible 
to indicate the precise layer from which the fossil got free, yet it 
appears that the skull may belong to the tertiary pleiocene. Also in 
this respect it would correspond to Trichechus Huxleyi. 

The cranial fragment from Antwerp does not belong to Trichechus 
Huxleyi, since it deviates considerably from the Zealand skull. Hence 
it must be a new species. It does not seem desirable to establish 
a new genus for a fragment, showing so much analogy with Tri- 
chechus. The name of this Trichechid may be, after the spot where 
it was found: 

Tirichechus Antverpiensis. 

The recent walrus skulls from the "Rijks Museum voor Natuurlijke 
Historic" at Leyden and from the Zoological collections of the University 
at Utrecht and Amsterdam were placed at my disposal through the 
kindness of Dr. F. A. Jkntink and Profs. A. A. W. Hubrecht and 
Max Wkber. At Brussels I was enabled by the kindness of Dr. L. 
Doll6 to study the fossil and recent material of the "Musee royal 
d'Histoire naturelle de Belgique". Finally I have to thank Prof. 
WiCHMANN who lent me the fossil for description and without whose 
assistance I should certainly not have succeeded in collecting all 
the literature. 

FIGURES. 

Figs. 1. 3. 5. Hind view, base .and side of the skull of Trichechus Huxleyi. 

Find: opposite Breskens in the West Scheldt. 
Figs. 2. 4. 6. Hind view, base and side of the skull of Trichechus Antverpiensis. 

Find: near Antwerp. 
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Anatomy. — ''On the existence of cartilaginous vertebrae in the 
development of the skull of birds''. By Prof. J. W. van Wuhb. 

(Gommunicated in the meeting of April 26, 1907). 

It is a well-known fact that at a certain stage of developnnent the 
notochord in all vertebrates extends forward as far as the hypo- 
physis cerebri and backwards as far as the tip of the tail. 

Over the whole length of the trunk and also in the occipital 
region of the head the dorsal part of the mesoderm is separated 
into segments or somites. 

In the lower vertebrates : Selachians and Petromyzontes, the somites 
are not restricted to the occipital region, but extend forward as far 
as the hypophysis, i.e. equally far as the notochord. 

The greater part of the voluntary muscular system is formed from 
the somites and in Amphioxus the segmentation of this musculai' 
system is permanent and distinct from the anterior to the posterior 
end of the body. 

The original function of the somitic muscles of the Chordates 
existed in my opinion*) in the to and fro movement of the notochord 
and so of the whole body during swimming. 

In the Craniotes this muscular system is interrupted in the region 
of the auricular organ and in my opinion the presence of the auricular 
capsule is the cause of this. This capsule, which also encloses the 
organ for equilibrium, needed a firmer attachment than could be 
afforded by the connective fissue and found it in the parachordal 
cartilage, through the stiffness of which the muscular fibres in this 
region could no longer operate and consequently disappeared, partly 
even in their origin. 

1) Gf. VAN WiJHE "Ueber die Homologisirung des Mundes und die primitive 
Leibesgliederung der Wirbelthiere." Petrus Gamper, Vol. IV. 1906. 
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The eflfeet of this was also felt in the region in front of the 
auricular oi^an, but here part of the somitic muscles remained on 
account of a change of function. They became attached to the here 
developing eye-ball and now served for the movement of this latter 
and no longer for the movement of the whole body. This was 
accompanied by far-reaching shiftings, which can still be followed 
in the individual development. 

The cartilaginous skeleton forms a system which appears only late 
in the development of the vertebrates and long after the appearance 
of the muscular system. As soon as the first cartilage may be 
observed, the muscular system in the head has undergone the 
changes here indicated. In the auricular region the somitic muscles 
have degenerated; partly they were not even indicated ; in the region , 
in front of the auricular organ they have entirely changed in place 
and shape and have entered into the service of the eye-ball. Only 
in the region behind the auricular organ — the occipital region — 
the myotomes — generally numbering three — still stand in the 
original order, like the myotomes of the trunk. 

Head and trunk are separated in the ontogeny — although the 
border is later somewhat shifted in a caudal direction — already 
before the cartilaginous spinal chord appears, and I see no reason 
for assuming that this separation should not have taken place also 
in phylogeny before the appearance of the spinal chord. 

The segmentation of the spinal chord depends on that of the 
muscular system. The bo iy of a vertebra is not formed opposite the 
middle of a myotome, but opposite the border of two successive 
myotomes. Balfour has given the explanation of this at first sight 
curious phenomenon: the first muscular fibres occupy the whole 
length of a myotome and lie laterally of the tissue, surrounding the 
notochord. Now it is no more than natural that the solid points of 
attachment which in this tissue are formed for the muscular fibres, 
namely the origin of the vertebral bodies, are formed opposite the 
borders of two successive myotomes. 

If we now ask where the appearance of vertebral bodies in the head 
must be expected, the answer must be that this cannot be in the 
auricular region, since here the myotomes have disappeared at the * 
time of the appearance of the cartilage. No more can this be the 
case in the region in front of the auricular organ, for here the 
myotomes have entirely altered their place and have entered into 
the service of the eye-ball. 

Only in the occipital region one would expect the appearance of 
two or three vertebrae. Yet until recently nobody has observed them 
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here, although this region has been investigated not only by the 
method of sectional series, but axlso by the methylene blue method, 
by which the investigation is so much easier. By this method 
Dr. NooRDBNBOS did not find them in the vertebrate skull any more 
than myself in the skull of Selachians. 

Instead of vertebrae we found the well-known parachordal cart- 
ilage accompanying the notochord in the occipital and auricular regions. 

Certain authors have indeed spoken of the origin of vertebrae 
in the occiput, but the parts observed by them, were not cartila- 
ginous but only badly outlined cell-heaps, not deserving the name 
of vertebrae. 

So I was greatly surprised when my former assistant, Mr. F. 
SoNiES, discovered by the methylene blue method two cartilaginous 
vertebral bodies in the occiput of embryos of the chick of the sixth 
breeding day and of ducks in a corresponding stage. 

It will be asked how it is possible that these vertebrae have not 
been long known, since the embryos of the chick form the classical 
material for investigation in all embryological laboratories. The 
answer is that they were not discovered because the stage, in which 
they appear, is of so very short duration. One has to hit the moment 
in which the cartilage appears in the first two vertebrae of the neck. 
Before the cartilage appears in the remaining vertebrae, the two 
occipital vertebrae have already coalesced with the parachordal 
cartilage. 

It is impossible to indicate the hour of the breeding day, since 
the development of the different eggs varies too much. By taking 
a large quantity of material, however, it is always possible to obtain 
the desired stage. It would require an immense expenditure of time 
to work all this material by the sectional method. With the methylene 
blue method, however, one is ready in a few days. 

So the parachordal cai'tilage of birds does not originally form a 
morphological unity. With Sonibs we may distinguish two parts in 
it: an anterior praevertebral part, situated in a region where the myo- 
tomes are degenerate or abortive and a posterior or vertebral part, 
occurring in the shape of two vertebral bodies, which soon coalesce 
with the anterior part. 

Corresponding to these two vertebral bodies later also two vertebral 
arches appear on each side, which soon coalesce, but the locality of 
which remains indicated by two openings for the two roots of the 
nervus hypoglossus. 

For further particulars and for several new discoveries about the 
development of the cartilaginous skull and the spinal column of 



Digitized by 



Google 



(17) 

bii-ds, I refer to the academical thesis of Mr. Sonies, which is now 
going through the press and will soon be published, also in 'Tetinis 
Camper". I will only mention that the small polar cartilage, discovered 
by NooRDENBOs in mammals and which also appears in Selachians, 
was found by Soniks also in birds. 

Microbiology. — ''Oii Lactic acid fermentation in milk'\ By 
Professor Dr. M. W. Beijerinck. 

(Communicated in the meeting of April 26, 1907). 

In milk left to itself, which in consequence of spontaneous infection, 
contains the more generally distributed germs, with certain regula- 
rity some special floras are observed, whose composition is chiefly 
controlled by two factors: temperature and oxygen pressure. If the 
latter is very slight, that is, if the microbes of the milk are reduced 
to more or less anaerobic conditions, the floras become simple of 
composition and produce certain fermentations. The three principal 
of these are the Aerobacter-, the Butyric acid- and the Lactic acid 
fermentations, of which the two fii'st are always characterised by the 
evolution of hydrogen and carbonic acid, whilst in the lactic acid 
fermentations, which may occur under dififerent forms, beside the 
lactic acid, no gas at all, or carbonic acid only is formed. Sometimes 
this fermentation is accompanied by a vigorous slime formation, 
which slime consists of the swollen cell walls of the inferred lactic 
acid ferments. 

For domestic purposes the lactic acid fermentation should be con- 
sidered as useful ; both the others as noxious. 

The fermentation experiment the dairy industry applies to judge 
of the purity of milk has for its object to determine the commonness 
or tlie rarity of the germs of Aerobacter and of the butyric acid 
ferment. To this end a high standing glass is filled with milk, placed in 
a water bath of 40° C. and it is observed whether any fermentation 
gas is evolved, and if so, after how much time. In good milk this 
production of gas does not occur because tiien the lactic acid ferments 
develop so quickly that the other microbes are expelled. Artificially 
the Aerobacter fermentation is easily obtained by infecting non- 
acidified milk with faeces, soil or canal water and cultivating at 
about 37° to 40^ C. After 6 to 12 hours production of gas is observed 
originating from Aerobacter coli or more rarely from A, aerogenes. 
The nature of tlie thereby obtained varieties changes with the 
temj)erature. 

At temperatures beneath 40° the Aerobacter fermentation, after 

2 
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lasting some hours, is replaced by a butyric acid fermeatation which 
again, after some time is succeeded by a lactic acid fermentation. 
Externally the Aerobacter and the butyric acid fermentations cannot 
be distinguished, but this can be done easily with the microscope. 

If 3 to 5 7o chalk is added to a culture in a stoppered bottle at 
35° to 40° C, the butyric acid fermentation can go on longer, and 
by early transplanting, likewise in milk with chalk and with exclusion 
of air, check the development of lactic acid ferments, without, 
however, quite dispelling them. 

Microscopically the butyric acid fermentation may be recognised 
by the long, thin, at neutral reaction highly motile rods, sometimes 
mixed with elongated or more rounded Clostridia, colouring blue by 
iodium, all belonging to the species Granulobacter sacc/tarobutyricwn. 

To accumulate from such a crude butyric acid fermentation in 
milk the lactic acid ferments, which hardly ever lack there, it will 
suffice to transplant some drops into milk without chalk, and, if 
necessary, to repeat this after the butyric acid fermentation, which 
always sets in at first, is finished. Whether this be done in open or 
closed bottles or tubes, at 37" to 40° C, lactic acid rods of the genus 
Lactobacillus will be seen to appear, which by re[)eated ti*ansplantations 
completely dispel the butyric acid ferments. 

If in these experiments instead of using fresh, unheated infection 
material, the soil, water, or faeces are previously heated to SO"" or 95°C., 
by which only spore-forming microbes can develop in the milk, the 
fermentations of Aerobacter and the lactic acid ferments do not arise, 
their germs producing no spores, but a butyric acid fermentation is 
obtained, from which the aerobic spore- formers may be dispelled by 
repeated transplantation at exclusion of air. 

1. Properties of the active lactic acid ferments. 
As many bacteria of the most different groups can produce lactic 
acid it seems not superfluous to indicate what are the characteristics 
of the lactic acid ferments proper. 

The active forms of dairy industries, yeast manufactories, distilleries, 
tanneries, and breweries, although joined by transitions, may be 
practically classified into the physiological genera Lactococcus, Lacto- 
bacillus and Lactosarcina, of which the two first only occur in the 
dairy products*). 

^) In the chief floras of milk- and dairy products occur, to my knowledge, no 
species of Lactosarcina. When Emmerling asserts to have found a yellow Sarcina 
in Armenian mazun (Gentralbl. f. Bacteriologie, 2t' Abt. Bd. 4, p. 418, 1898), 
this can only have been a common infection from withcut. Also in butter sarcine 
species may accidentally occur but they do not belong to the chief flora, which 
consists of lactic acid ferments and lipophili. 
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They are always iinmotile, no-spore forming bacteria, which bear 
drying very well and which, by heating to 65° or 75° C, in which 
they just remain alive, while these temperatures are deadly to most 
other non sporeproducers, may be separated from these ('*lacticisation"). 
They requii*e for nitrogenfood peptones, such as are found in milk, 
malt extract, or other juices of plant- or animal origin, and for carbon 
food certain sugars, which .may differ for different species. They do not 
peptonise proteids and, thus, do not liquefy gelatine; the secreted lactic 
acid can dissolve a certain quantity of caseine, but chemically this 
substance remains unchanged. These circumstances regulate their 
distribution in nature, where they are by no means general, but may 
mpidly multiply, especially under the influence of man. They are, 
liovvever, found in the soil and can, by methods mentioned below, 
be accumulated and cultivated in a condition of pureness. 

They are always more or less distinctly microaerophilous, some 
species or varieties can, however, grow very well at the air; other 
forms cannot and behave as real anaerobics. Access or absence of 
air is commonly of no consequence to the acid formation, but in the 
yeast industry a species is used, which at full atmospheric pressure 
pixKiuces no acid, and in the dairy industry are also forms which 
display the same property. 

Always, even on good nutrient media, to which belong in particular 
maltextract agar, and milk- or whey -agar, the growth of the colonies 
i-emains limited, esi>ecially if the air and the produced acid cair act 
simultaneously. If the acid is neutralised by chalk the growth of the 
colonies at the air may also become im{)ortant. Yet, in most cases, 
the recognition of these ferments may repose on the smallness of 
their colonies compared with those of other bacteria. 

Catalase is constantly absent, and hereupon an excellent diagnosis 
can be based, for which it is only necessary that a culture plate, on 
which all kinds of bacteria may occur, be flowed with strongly 
diluted hydrogensu[)eroxyd which is by all microbic species, except 
the lactic acid ferments, indifferently whether they belong to Lacto- 
coccus, Lactobacillus or Lactosarcina, changed into a scum of little 
oxygen bubbles. 

Even the lately described ^) large celled Savcina, which in conse- 
quence of continued research I now consider as identic with the 
stomach sarcine {Sarcina ventvicaU), and whose acid producing 
power is very slight, — i. e. 3 c.c. of normal acid per 100 c.c. of 



^) These Proceedings 25 Februari 1905. Archives Neerlandaises T. 1 and 2. T. 11, 
p. 200, 1906. 
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maltextract or glucose broth, — does not at all decompose hydrogen 
superoxyd. 

If we consider how generall}'^ catalase is met with in the animal 
and vegetable kingdom, as also in the microbes, its very absence in 
the lactic ferments appears in a peculiar light. 

All active lactic acid ferments from milk invert sugar (invertase 
reaction) and can more or less easily decompose esculine and indican 
(emulsine reaction). The reaction on esculine is demonstrated by 
introducing, for example, 0.17, of this substance and a few drops 
of ferricitrate solution into whey agar or whey gelatin. Streaks drawn 
on it of species which decompose esculine produce intensely brown 
or black diffusion fields of esculetiniron, brown at more alcaline, 
black at more acid reaction, so that the lactic acid ferments become 
recognisable by the black fields in the midst of which their colonies 
are placed ^). So long as esculine is present it is recognised by the 
magnificent blue fluorescence of the whole plate at feeble alcaline 
reaction. Indican may be used in a corresponding way but then no 
iron salt is wanted as the indoxyl produced from the glucosid 
oxidises of itself at the air to indigo blue. The lactic acid ferments 
decompose these two glucosides, slowly indeed, yet these reactions 
are very characteristic and useful. Amygdaline is not decomposed by 
the lactic acid ferments. ') 

To the most remarkable properties of the lactic acid ferments 
belongs their power of reducing levulose to mannite, ') which latter 
substance may even in concentrated nutrient solutions be recognised 
by its ready cristallisation at evaporation. A single drop dried on 
the object glass, commonly gives at microscopical investigation full 
certainty as to the existence of this reaction. 

The lactic acid ferments thereby strongly contrast with the so 
nearly allied vinegar bacteria, in as much as the latter do just the 
reverse; i. e. they change by oxidation mannite into levulose. 

Like so many other bacteria the lactic acid ferments possess, 
also with regard to various pigments, a strongly reducing power. 



1) The knowledge of this extremely sensitive reaction, which has been applied 
for years in my laboratory, I owe to my colleague Mr. H. ter Meulen. 

*) Amygdalin is decomposed with much more difficulty by the action of microbes 
in general than the other glucosides named in the text. Moulds mostly decompose 
it into amygdalinate of amonium; beer yeast into amygdalonitril glucosid and 
glucose. Splitting under production of bitter almond oil, hydrocyanic acid and glucose 
I detected hitherto only with Saccharomyces apiculatus and with the anaerobic 
ferment of butyric acid fermentation, Gramilobacter saccharobutyricum, 

*) Ferments lactiques de Tindustrie. Archives Neerlandaises 1901. Katser, Fer- 
mentation lactique. Annales de I'lnstitut agronomique 1904. 



Digitized by 



Google 



( 21 ) 

as is easily shown by inoculation into deep test-tubes of boiled 
milk coloured with litmus. The red litmus is first in the depth, 
later till near the surface quite discoloured, to turn red again by 
shaking with air. The thickness of the red layer in the curdled 
milk admits an accurate measure of the intensity of the growth and 
of the reduction process. The thinner the red layer the more inten- 
sive both functions must be. 

2. Factors of variability. 

Many, perhaps all lactic acid ferments display a high degree of 
variability as well in physiological as in morphological properties. 
Nevertheless this variability in different stocks, coming from different 
isolations of the same species, is not always equal by far, which may 
give rise to trouble in the study of the specific properties. The circum- 
stances causing the variability are but partly known; decidedly 
belongs to them an oxygen pressure, too far above or too far beneath 
the optitoum for the vital functions, which may, especially for the 
bacterium of the long whey (Lactococctis hoUandiae), be demonstrated 
with exceeding clearness. 

This remarkable species is characterised by a vigorous slime 
formation when cultivated in milk or whey, but loses this power 
at temperatures above 20^ C, as well at the ordinary pressure of 
the atmospheric oxygen, as at complete exclusion of it, if the changed 
influence is allowed to act during some time on the growing microbes. 
This is shown by cultivating the whej'^ in a closed bottle ; the upper layer, 
just beneath the stopper, where a little air can find access, becomes quite 
liquid and contains a hereditarily constant, common Lactococcus, 
forming little acid and no slime. Also by cultivating the long whey 
microbe in tubes of boiled milk with access of air, after one or two re- 
inoculations, a Lactococcus is produced, which forms no slime at all. 
If the material for the reinoculation is secured from the depth of the 
cultures grown in closed flasks, at places where the access of air is 
impossible, and the inoculation is repeated once or more in the same 
way, a Lactococcus is likewise obtained which displays no trace of 
slime production. 

At some depth beneath the surface, however, is a zone in which 
unchanged, slime forming, hereditarily constant material is found. 

What in this case can be very easily ascertained, proves, at 
accurate investigation, also to be true for the other species of lactic 
acid ferments, namely, that they only then continue to display 
constant specific characters, when they are continuously cultivated at 
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a certain pressure of the oxvf^cii, else, these cluii'm'ters are seen 
to disappear, whilst in fact, or apparently, new ones originate. Hence, 
in some cases it may be proved, in otiiei-s the [ii-obability is shown, 
that each species must (xvur in three varieties, joined by intermediate 
forms, i. e. the normal form, a **high pressure variant*', and a "low 
pressure variant''. 

As in wholly different groups .of bacteria corresponding facts may 
be observed, there is cause to assign a fundamental signification 
to them. 

A decisive factor which may cause the production of variants is 
furthermore the temperature, for ex|)erionce proves that a prolonged 
cultivation above the o|)timum tem|»eratnre of growth, gives rise 
to the appearance of forms distinctly different from the original stock. 

In other cases the cause of the variabilitv is unknown; not seldom 
for example, we find at the very first culture of a species taken from 
nature, strongly varying colonies, which [)rove to belong to the same 
species only because many colonies by sector-variation display the 
genetic alliance of the variants to the wild sfo(*k. 

But then, too, there is reason to admit that the new vital condi- 
tions, to which the microbes are subjected just by the change of 
oxygen pressure and temperature, are the chief factors of the variation 
process which is, as it were, seen in action. This observation is of 
so general a nature and is so closely related to the essence of life, 
that it must be considered as probable, that also in higher plants 
and animals, local changes in the access or exclusion of oxygen, in 
connexion with temperature, play an important |»art in the morpho- 
genesis. 

As the examination of other s[>ecies of microbes shows that the 
absence of certain nutrient substances in the culture medium, at free 
aeration and during growth, may cause hereditary variation, for example 
in Schizosaccharomyces octosponis, which in old cultures changes into 
the spore-free variant, totally differing from the chief form, there is 
reason also to believe, that also the said factor must be considered 
to explain the great variability of the lactic acid ferments; but the 
observations there about are not yet fit for definite conclusions. 

3. Elective cuJiuve of the nu'rrohes of the sl'nny 
lactic acid fennentatio)!. 

There is reason to assume that the slime producing lactic acid ferments 
are the normal forms and the non-slime formers, species or variants 
derived from them. Hence, the former deserve to be considered in 
fhe fii'st place. 
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To the typical sliitie producing species belongs the microbe of the 
long whej {Lactococcus hollandiae), which particularly before the 
introduction of pure cultures in the dairy industries, played an 
important part in the fight against cheese defects in North-Holland, 
and is still here and there practically used to that end. 

Further I have found that the popular food known in Norway 
as "tjaette molken", a sample of which I owe to the kindness of 
Mr. Pennink of Rotterdam, consists of milk, in which the long whey 
microbe, or at least a nearly allied form, secretes acid and slime. 

Other materials in which these and allied microbes occur, were 
till now unknown, evidently because of the uncertainty about 
culture conditions and the lack of a good accumulation method. 
Taking the idea ''species" in the broad sense, I think there is no 
objection as to bringing the group of forms, found in the manner 
described below, to the species just mentioned. 

Starting from the following properties, the most characteristic for 
the microbes of the slimy lactic acid fermentation : 

1«* . The optimum temperature for their growth is at 20° or lower, 

2"^. they can only compete in anaerobic cultures with the other 
microbes, and 

S'^. the medium must consist of substances containing peptones 
as nitrogen and carbon hydrates as carbon source, I succeeded in 
finding a method giving rise to their accumulation. 

It is true that I only examined a single material. in this way, the 
common baker's yeast, but the investigation of the soil of fermenting 
or fermented substances, in short of materials of most varying de- 
scription may be done in a corresponding way. 

The experiment is arranged as follows. 

Into a 30 c.c. closed bottle, filled with maltextract, to which is 
added 7//o ^^ peptone siccum and which contains c.a. 107o extract, 
a little pressed yeast is introduced, for instance 7s gram. Placed at 
a temperature of 18' to 20"^ C. a quiet fermentation sets in, which is 
allowed to continue 24 to 72 hours, whereby, because of the absence 
of air the yeast hardly grows, but the various lactic acid ferments 
reproduce quickly. Other microbes do not develop. Not seldom in 
this first culture have the contents of the flask already become 
somewhat slimy. 

Whether this be the case or not, a not too small quantity from 
it is transplanted into a bottle quite filled with boiled, air-free milk, 
for instance 7j c.c. into 30 c.c. of milk. At the same low or a some- 
what higher temperature only a flora of lactic acid ferments can 
develop, and if the slime-forming species is present, it is the most 
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vigorous. We then see that after 2 or 3 days the milk becouie 
slimy and by inoculation into milk whey, a culture will start which 
sometimes differs so little from the ordinary long whey, that we 
may conclude to an identity of species. 

Of course, I cannot foretell that such microbes occur in any yeast 
sample taken at random, hence 1 must add that for my experiments 
I used pressed yeast from the Yeast and Alcohol manufactory at Delft. 

Such a culture in milk differs it is true in some respects from 
what is obtained by growing long whey from North Holland in milk, 
as in the former case short rods or oblong cocci are observed, and 
in the latter, shorter forms more reminding of the common micrococci. 

I expect that by repeating this experiment various deviating 
varieties will be found, and by application of the method to other 
infection material perhaps new species of slime lactic acid ferments 
may be discovered. 

4. Elective culture of the lactococci of cream souring. 

As the lactococci and lactobacilli, which both occur in spontaneously 
or otherwise soured milk, in cheese, and various t)ther dairy products, 
seem to grow nowhere better than in milk,*) the culture experiments 
here considered, should be taken with milk. 

In order out of the innumerable mici'obes of the crude milk 
practically to come to a pure culture of Lac^ocacciLs', the management 
is as follows. 

The optimum of growth is at 30'' C. or lower, and as all species 
of Lactococcxis (like those of LactohaciUus) are strongly microaero- 
philous, sometimes even anaerobic (i. e. cannot grow at all at full 
atmospheric pressure on plates), it is best to cultivate in absence of air. 

A stoppered bottle is quite filled with commercial milk and placed 
at 30 C. After 24 hours or somewhat later a Lactococcus-Wor^ 
begins to replace the other microbes, while not seldom a feeble, 
fermentation of B. coli or 7i. aeroc/enes has preceded. 

After one or two re-inoculations under the same conditions, but 



1) It is not impossible that tlierc are "peptones" which, together with glucose 
or lactose, are still better food for the lactic acid ferments than milk itself. How 
very differently peptones of dissimilar origin act on microbes is easily observed in 
yeast species which in general grow better on **plant peptones" than on "animal 
peptones". The introduction of the word "bios" to denote those nitrogen compounds 
which are best fit as yeasl food, is an attempt to circumscribe the peptoneproblem 
has been given. The relation between "peptones" and the lactic acid ferments is 
still closer than between these substances and the different yeasts; but it is here 
not the place to insist on this point. 
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into well boiled milk, which is done by transferring a trace of the 
first culture to the second bottle, quite filled with boiled, air-free 
milk, and so on, the lactococci free themselves completely from all 
foi'eign microbes and a material is obtained, which displays a high 
degree of purity and of practical usefulness. If the acidifying power 
of the microbes obtained by the experiment is lower than wished 
for, for example 5, whilst 8 to 10 c.c. of normal acid on 100 c.c> 
milk is desired, this must be attributed to the accidentally present 
stock. It is necessary then to begin a new experiment, following the 
same way as described, or it can be advisable to perform the first 
inoculation with some good butter-milk. 

As buttermilk, however, very often contains lactose yeast, in the 
latter case a vigorous alcohol fermentation may at fli-st be expected 
in the bottles. But it soon disappears by inoculation into milk rendered 
free from oxygen by boiling. 

If in this way, thus in absence of air, the culture has been 
prolonged, a fairly constant acid amount is obtained at each renewed 
inoculation, which does not, however, rise above 10 — 12 c.c. normal 
in 100 c.c. of milk. On whey agar or whey gelatin plates the growth 
at the air of the thus obtained lactococci is different, as sometimes 
a great many aftrobic colonies arise, which cause the same acidi- 
fication as the cultures in the bottles, while in other cases nothing 
is seen to grow. 

The iivBt group corresponds with the usual commercial forms 
destined for the souring of cream, which commonly consist of 
cultures of the microbes dried on milk sugar or starch; moreover 
there are commercial aerobic pure cultures in milk or whey, which 
are sold in bottles. 

The second group, that is the cultures non-growing at the air, 
may still better be used for the cream souring than the aerobic 
stocks, as the anaerobic forms of Laciococcus show more aptness to 
secrete the flavour desired in butter, than the more a&rophilous 
bacteria. ^) 

As well for this reason as for the great purity of the cultures made 
after this **bottle method", there is reason to prefer them in dairy 
work to the commercial so-called pure cultures, which for the gi-eater 
part are by no means pure, but mostly contain, besides lactococci, 
numerous contamination germs of the milk. In consequence of 
frequent investigations I can therefore advise interested persons to 
use the here described method. Best would be if these cultures were 

^) Of late 1 have also met with such like anaerobic lactic acid bacteria in com- 
mercial preparations. 
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prepared in the creameries themselves, but also the sellers of pure 
cultures, by following the above prescriptions, will obtain a better 
product than by the more usual way of selection of aerobic colonies. 
Besides, the management is simpler and more scientific. 

To my opinion there is no satisfying ground to class the aerobic 
and anaerobic forms of Lactococcus, which can be produced after 
the said method, in separate species. They are but variants of one 
and the same species, whose oxygen requirements are different, which 
also appears from the fact that in the course of time one and the 
same stock shows considerable differences with regard to the said 
relation. Moreover, by several isolations all transitions between the 
more or less agrobic stocks may be obtained. 

Finally it should be borne in mind, that by applying the "bottle 
method" at low temperature, in rare cases instead of a culture of 
real Lactococcus a Lactobacillus is obtained, which may likewise be 
had by colony selection from cheese. Using this Lactobacillus I did 
not observe at all the pleasant flavour of the anaerobic lactococci, 
so that I do not recommend these bacilli for cream souring. 

5. Elective culture of the lactic acid bacilli. 

If milk, soured spontaneously by Lactococcus lactis, or still better, 
buttermilk, is placed at exclusion of air in a thermostat of ca. 
40^ C, the original acid amount of 8 to 12 c.c. will in most cases 
rise after some days to about 18 or 20 c.c. per 100 c.c. of milk. 
For this experiment it is best to use a stoppered bottle of 250 to 
300 c.c. capacity quite filled with milk. If for the fii-st experiment 
a smaller quantity is used the result becomes uncertain, either by 
the disturbing influence of the air, or by the scarcity of the inferred 
bacteria. 

The first change commonly observed in the sour milk is a mode- 
rately vigorous alcoholic fermentation, caused by the hardly ever 
lacking lactose yeast, and at the same time a complete separation 
of the caseine, which is driven to the surface of the liquid by the 
carbonic acid. 

Microscopically we find that the lactococci present at first, are 
succeeded by more lengthened forms, truncated at the ends and 
united in chains, whereby the acid titer may considerably diminish, 
for instance in 12 houi^s from 8 c.c. to 6 c.c, which should be 
ascribed to the lactose yeast, for which the free lactic acid can 
serve as carbon food. By transference, at exlusion of air, the lactose 
yeast, as in the elective culture of lactococci, is rapidly dispelled 
by the then stronger lactic acid ferments. 
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Real lactobacilli mostly appear after 2 or 3 days and then the 
acid rises rapidly parallel to their multiplication to 20, even to 
25 c.c. normal per J 00 c.c. of milk. When this degree of souring 
is reached, there is usually no furtiier increase observed, not even 
after several days, and whenever this does take place, there should 
be thought of aeration, by which the growth of vinegar bacteria 
and acetic acid formation from alcohol, have become possible. 

The pure culture of lactobacilli is sometimes easy, in other cases, 
with more anagrobic stocks, it is more difficult. Always, however, 
it is troublesome with these pure cultures to obtain a considerable 
souring in milk and there is most chance of success (but even then 
the success is not quite certain) by soui'ing lactobacilli together with 
Lactococciis which serves for the first souring to 8 c.c. If this amount 
of acid is reached, and the pressure of the oxygen sufficiently dimi- 
nished, which in a stoppered bottle is likewise brought about by 
the presence of the lactococci, the lactobacilli can develop and cause 
further souring. 

From the observation that by the described experiment more or 
less perfectly anaerobic lactobacilli are obtained, follows that here 
as in the case of Lactococcus different varieties may be expected. 
At a continued research the differences prove to extend over other 
characteristics also and may become so great, as well from a morpho- 
logic as from a physiologic point of view, that it seems necessary 
to create new species. 

Especially the dimensions of the rods, the more or less branched 
state of the colonies on agar plates, the slime formation, the either 
or not originating of carbonic acid as fermentation gas beside the 
lactic acid, and the action or non action on different sugars give 
rise to this consideration. The deeper however we enter into these 
distinctions, the more troublesome it becomes to devise such descrip- 
tions as are wanted to present to other investigators an image of 
the results of our own researches; so numerous become the forms 
which nature, or better perhaps, which culture produces, and so 
slight are the differences by which these forms are distinguished, 
if we do not confine ourselves to the extremes of the groups. ^) 

If the latter is done, two distinct forms call attention, which on a 
former occasion I named ') Lactobacillus canca.nciis and L. longus. 

*) For further information see W. Henneberg, Zur Kenntniss der Milchsaure- 
baklerien. Sonderabdruck aus Zeilschrifl fur Spiritusindustrie. No. i22— 31, 1903. 
Parey, Berlin. 

*) Sur les ferments lactiques de Tindustrie. Archives Neerlandaises. Ser. 2, T. 6, 
p. 212, 1901. 
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Without attributing a special value to this classification I yet wish 
to keep to it as I think that the facts to be mentioned are fairly 
well comprised thereby. 

The longusgroup :s characterised by its not acting on maltose, 
so that in maltexlract no, or very little acid it formed, but it does 
decompose milksugar. In milk the forms of this group, if grown 
after a previous culture of Lactococcus which has produced 5 to 8 c.c. 
of lactic acid per 100 c.c. of milk, will once more produce a certain, 
even a like quantity of acid so that ca. 16 c.c. may be titrated, the 
latter amount being however an exception. Generally no evolution of 
carbonic acid is observed but sometimes it is, and then so much gas 
can arise that a milk beverage is acquired foaming like champagne. 

By a series of transitions, the longus forms obtained at 40° C, 
are joined with lactobacilli which at a lower temperature find their 
optimal vital conditions, but which are rarer in milk. 

The caucasicus group comprises those lactobacilli, which are able, 
independently of lactococci to produce in milk a very high acid 
formation. At 37 to 40^ C. it is possible after three days of their 
action to titrate 20 to 25 c.c. of normal acid per 100 c.c. of milk. 
When that amount is reached further acid formation stops. In this 
case, too, there is a parallel form which, beside much lactic acid, 
also evolves carbonic acid. What by-product is then formed from 
the lactose molecule beside the carbonic acid is not yet clear; pro- 
bably it is aethylalkohol. G. Bertrand has proved that these ferments 
can produce succinic acid. Tliey greatly owe their notoriety to their 
presence in kephir, which subject I have touched before^). Later 
however I have come to the conclusion ') that their distribution is 
by no means restricted to kephir only, but that they also occur in 
our climate, sometimes in buttermilk, in cheese and even in common 
baker's yeast. 

6. Yoghurt and maya. 

The use of soured milk as drink and food is so familiar to many 
Eastern countries, and dates from so remote an antiquity that there 
can be no doubt as to its favourable effect on health, and the esta- 
blishment of various societies which try to popularise new preparations 
of that nature, seems to prove that the attention of the Western 
nations begins to be drawn towards it. 

Both in the preparations of the Eastern nations and in those of 



1) Sur le Kefyr. Archives Neerlandaises. T. 23, p. 428, 1891. 
^) Ferments lactiques de Tindustrie 1. c. 
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industry are always found lactic acid ferments of the genus Lacto- 
bacillus, mostly of Lactococcus too. These lactic acid ferments alone 
determine the character of the **leben raib'' of Egypt, ^) of the 
"yoghurt" of Bulgary,') and probably also that of the "prostokwacha" 
and the "veranetz" of Russia, which Metchnikoff mentions. In the 
"kephir" of the Caucasus, the "koumys" of Central Asia, ') and the 
"mazun" of Armenia, *) occurs moreover, lactose yeast, which may, 
however, under certain circumstances be wanting, without the 
character of these beverages being lost. All other microbes, which 
are mentioned in literature as occurring in the said beverages or 
their ferments, such as Oidium, Mucor, other moulds, torula, red 
yeast, vinegar bacteria, butyric acid ferment, proteolytic bacteria, 
are only present by deficient preparation, so that it may be said 
that in all examined cases a pure lactic acid fermentation proves to 
be the wanted process, whilst eventually also an alcoholic ferment- 
ation is wished for or suffered*). 

Hence, in the commercial preparations which start from yoghurt, 
only lactic acid ferments are cultivated. 1 have in particular inves- 
tigated the products of **Le Ferment", mentioned beneath, as also a 
substance, sold as '*maya" or Bulgarian ferment, •) to which my 
attention was drawn by Dr. De Lint at Scheveningen. Here I will 
shortly describe the latter preparation. 

It consists in a yellowish strongly acid reacting powder, composed, 
after chemical, microscopical and bacteriological examination, of caseine 
lactic acid, lactose, fat and lactic acid bacteria; it is evidently nothing 



1) Annales de rinstitut Pasteur. T. 16. p. 65, 1902. 

8) Massol et Grigorofp, Revue ra^icale de la Suisse romaDde 1905 p. 716. 
Bertrand et Weisweiller, Action du ferment Bulgare sur le lait. Ann. de Tlnstitut 
Pasteur, T. 20, p. 977, 1906. 

5) For Kephir and Koumys see Weigmann in Lafar Technische Mykologie. Bd. 2. 
p. 128. 1905. 

*) Centralblatt fiir Bacteriologie, 2te Abt. Bd. 15, p. 577, 1906. 

8) The study of literature leads at first view to a quite other result, as many 
microbiological descriptions are made by beginners, not sufficiently acquainted with 
the properties of lactic acid ferments, and who have attributed an exaggerated 
weight to the different kinds of infections named above. 

^ On the bottle stands: Maya bulgare, Soci6t6 de la maya buJgare, Garnier 
& Co., Paris, 16 Rue Popincourt. The Soci6te de Pury, Montreux, brings into 
commerce a ferment of the same nature under the name. of "maya bacilline'', 
and the Soci^te Hennebero, Geneva, a liquid preparation as "lacticose". Besides 
there are to be had in Paris Lactobacilline de Metchnikoff in *Le Ferment", 
Foumisseur de TAssistance publique, 77 Rue Denfert-Rochereau, who sells also, the 
■Biolactyle" of Fournier and the "Bacillineparalactique"ofTissiER (the preparations 
of this firm make a very good impression). 
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else but yoghurt evaporated at low temperature, perhaps in the 
vacuum. As to the preparation of the '^yoghurt'' itself by means of 
this ferment, it is done as follows and gives good results. 

Milk is evapoi-at-ed to half its volume, cooled to a (not nearer 
indicated) temperature, for which I took 40\ as 45° proved too 
high and 37° too low, and on a quantity of 250 c.c, so much 
ferment is strewn as can be put in a little spoon distributed with the 
flacon containing the maya. After 6 hours already the curdling of 
the milk becomes perceptible, after 24 hours I titrated 12 c.c. and 
after 3 X 24 hours 20 to 23 c.c. of normal lactic acid per 100 c.c. 
of the evaporated milk, which by that time is changed into yoghurt. 

As a titer of 10 c.c. corresponds to 0.9 7o of lactic acid, the 
titer 20 corresponds to somewhat less than 2 "/^ of the vanished 
milk sugar. Supposing that the evaporated milk contains about 9.6 Vo 
of milksugar it follows that 7 % of milksugar has remained un- 
decomposed. The caseine is of course curdled and the whole has 
changed into a solid but soft, sweet tasting mass. 

The evaporation of the milk is not necessary, but when prepared 
from ordinary milk, the yoghurt remains more liquid, aud as the 
acid formation is equally strong as in evaporated material, there 
remains about 2.5 Vo of the original 4.8 % milksugar, so that 
in this case the taste is much less sweet. 

If in the said way yoghurt has been prepared in the presence of 
air and is re-inoculated into a new quantity of milk, then the result 
is yoghurt of the same acidity as the jirst time. But after 3 or 4 trans- 
ferrings difficulties arise and only with great quantities of infection 
material further souring can be obtained. The experiment succeeded 
much better when the yoghurt was prepared in a quite filled stop- 
pered bottle; the transferring can then be longer continued, but I 
do not know whether this will do in the long run. Evidently the 
difficulty here, too, is the right choice of oxygen pressure, whereby 
the inferred lactic acid bacteria preserve their properties unchanged; 
and this difficulty is still increased by the presence of two different 
forms, with unequal optima as to temperature, and probably as to 
oxygen pressure also. 

One of these forms is again a Lactococcus, the other a Lactobacillus. 

The former deviates somewhat from the common Lactococcus, in 
as much as it is more extended, reminding of short rods, and further- 
more by possessing a higher optimum as to the temperature whereby 
the growth is quickest, which optimum proves nearer to 37° than 
to 30° C. Hence, this form is as it were a transition to a Lactohacilluji, 
Isolation on milk agarplates was very easy, even at 30"* C. 
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As to the second species, the Lactobacillus proper of yoghurt, 
it was troublesome to grow its colonies on milk agar plates, but 
on malt extract agar it was more easily obtained. In literature 
it has been named Bacillus Massol by Grigoroff, but I think that 
name superfluous as the characters correspond fairly well with those 
of the kephir bacilli which also occur in our country ; for instance, 
as has been observed before, in yeast and buttermilk. Sown in 
slightly soured milk this Lactobacillus can produce the strong acid 
mentioned above, without the help of other bacteria. Evolution of 
carbonic acid does not take place and the product has a very pure 
taste, although a beginning of fat cleavage seems inevitable at such 
a high amount of acid. 

Metchnikoff ascribes a very favourable influence to the use of 
yoghurt, as it diminishes the phenomena of autointoxication starting 
from the intestinal canal, and he explains this effect by accepting 
that the LactobacUlus, after passing the stomach, continues active 
in the intestine, and checks^) the formation of the obnoxious products 
which derive from other bacteria species. I do not doubt but this 
may be brought about by the lactic acid, but I think it highly impro- 
bable that the presence of the lactic acid bacteria from the yoghurt 
themselves should be required in the intestine. I think this conclusion 
is necessary, fii-st because, without the use of yoghurt or other soured 
milk preparations, there occur in the intestine lactic acid ferments 
of different species, and second, because the conditions for lactic acid 
formation by the active ferments are wanting or must at least be 
very unfavourable there. 

As to the first point I refer to the following experiments. 

If sterile milk is infected with faeces of different origin (man, 
cattle) and treated as described for the elective culture of Zac^ococct^^, 
without access of air and repeatedly reinoculated at a temperature 
between 23° to 26° C, the said genus of microbes is indeed obtained 
by which as good cream souring can be obtained as with the pure 
cultures prepared in the before described way. 

If sterile milk is infected in a corresponding way and exposed 
to the conditions wanted for Lactobacillus y that is, if cultivated in 
absence of air at 40 to 45° C, a fermentation of coli will first arise 
and later or simultaneously a butyric acid and no lactic acid fermen- 

1) Quelques remai^ques sur le lait aigri. Remy, Paris, 1907. In this paper Metchnikoff 
gives many assertions but no decisive experiments. Besides, his bacteriological 
elucidation, p. 26, is not clear. The elaborate and interesting work of Dr. A. Combe, 
L'autointoxication intestinale, Paris 1907, is neither quite convincing from a micro- 
biological point of view. 



Digitized by 



Google 



( 32 ) 

lation, which latter would inevitably arise if the lactic acid ferments 
were present in a rather considerable number. Only by repeated 
transferences Lactobacillus is produced, which after some inoculations 
forms 10 to 13 c.c. of normal acid. 

Hence, there is no doubt as to the presence of Lactobacillus and 
Lactococcus in normal faeces. They are, however rare, and belong 
by no means to the intestinal flora proper, like coliy but to the 
accidental flora, which consists of all that is introduced and is able 
to pass the stomach and intestines alive, without multiplying. There 
seems to be no cause to attribute any important influence to this fact. 

As to the second point, why in the intestinal canal the conditions 
for the growth of the active lactic acid ferments are wanting, it is 
that in the contents of the intestines an alcalic reaction exists, and 
that the sugars which are formed or introduced there, in as much 
as they are not absorbed by the intestinal wall, will surely be 
attacked by coli, which in these circumstances is the stronger and 
dispels all competitor's. 

Why coll (and aerogeues) so completely defeat the lactic acid 
ferments, should, to my opinion, be explained by the important 
fact, not sufficiently considered in literature, that the first men- 
tioned species can quite well live on peptone only, and multiply at 
its expense, while the active lactic ferments completely lack this 
faculty and, beside peptone, require a carbonhydrate for food. 

If, moreover, it is borne in mind that coli in the presence of a 
carbonhydrate can also feed on other sources of nitrogen than pep- 
tone, for example on amines and ammonium salts, whereas the active 
lactic acid ferments cannot, and decidedly want peptones for nitrogen 
food, it is clear that for the different forms of coli practically every 
where in the intestinal contents a good feeding material is present, 
and that in the few localities where it would also be sufficient for 
the lactic acid ferments, it will be seized upon by coli. Where 
only peptones occur, coli will moreover incirease the already alcalic 
reaction of the contents and thus, not for itself but for the lactic 
acid ferments, render the conditions of life more unfavourable. 

Hence it seems evident why in the intestinal canal a colifloracan 
exist but no lactic acid flora. 

The yellow coloured faeces of babies during the lactation period 

may be alleged to support this view. They consist microscopically 

almost solely of bacteria, for far the greater part of common coli- 

bacteria *), among wliich there occur real lactic acid ferments, but 

1) For ditTerent children not always the same varieties; sometimes, for instance 
non-fermenting forms reminding of Lactobacillus^ for which I before indeed look 
such bacteria. 
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as in the case described before in quite an inferior number. This 
fact acquires a special significance when we consider that Escherich, 
the discoverer of the colibacillus, has proved that this condition exists 
directly behind the baby's stomach, where coli and aerogenes are 
predominant which, in reference to the preceding, necessitates the 
conclusion that even at those portions of the intestines where a 
lactic acid flora should" first be looked for, it is evidently unable to 
sustain itself. 

There is no doubt but here too, the strongly disinfecting action 
of the stomachal hydrochloric acid plays a part, as this acid, at a 
much lower titer than the lactic acid checks the growth of the lactic 
acid ferments, but hence can be neutralised by much less alcali, 
which is not indifferent to coli, which produces alcali. 

In so far as the theory of Mbtchnikoff and Combb is right, after 
which yoghurt or other sour milk preparations counteract the auto- 
intoxication from the intestinal canal, it seems certain that here 
should more be thought of the influence of a milk diet and the free 
acid taken up with the milk, than of a specific intestinal flora. But 
in how far the apparently proved decrease of indol and phenol, 
whose quantity is considered as determining the degree of auto- 
intoxication, deviates, at a nutrition with soured milk preparations 
instead of meat, from this decrease when non-soured milk is used, 
— to my opinion the real core of the question, — has not been 
considered by the said authors. 

Admitting that the soured preparations really deserve to be 
preferred, I think that especially in Holland, it must be possible 
with good buttermilk in as simple a way to reach the wished for 
end, as with the various exotic ferments, whose descriptions give 
the impression that the preparatory are but imperfectly acquainted 
with the general phenomena of the lactic acid fermentation in milk. 

Although I see no fundamental difierence between the use of 
buttermilk and yoghurt, it is certain that the latter may be prepared 
in a very simple way under medical control, and hence, to my 
meaning, deserves to be recommended in certain cases. 

Summarising the preceding I come to the following conclusion. 

In milk three chief forms of lactic acid fermentation, determined 
by temperature, are to be distinguished, namely at very low tempe- 
rature, the slimy lactic acid fermentation ; at a middle temperature 
the common lactic acid fermentation caused by Lactococcus; and at 
higher temperature the lactic acid fermentation by Lactobacillus, 

The elective culture of the microbes of the slimy fermentation, 
succeeds by cultivating baker's yeast in absence of air between 15° 

3 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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and 18° C. in malt extract and transferring to boiled milk or whey 
at a somewhat higher temperature. The acidity obtained remains low 
and amounts to 3 to 5 c.c. of normal acid per 100 c.c. of milk. 

The elective culture of Lactococcus takes place by allowing milk 
to sour in a stoppered bottle at 20"" to 25° C. and transfer it 
repeatedly to boiled milk at that temperature. The thereby obtained 
stocks of Lactococcus lactis are mostly anaerobic but specifically not 
to be distinguished from the more a6robic forms which may be 
produced by the same experiment. The acid mostly remains at about 
8 c.c. of normal acid per 100 c.c. of milk, but may become JO to 
12 c.c. 

The elective culture of Lactobacillus succeeds best by cultivating 
buttermilk in absence of air at 37^ to 40° C. and inoculating it into 
boiled milk, at 30° C. and higher, the acidity can rise from 18 to 
25 c.c. of normal acid per 100 c.c. of milk. 

The active lactic acid ferments are very variable; as factors of 
hereditary constant variation are recognised cultivation at too high 
or too low oxygen pressure, and cultivation at a temperature above 
the optimum of growth. 

Lactic acid ferments do not lack in the intestinal flora, but play 
there an inferior part. 

A considerable difference between Eastern and Western lactic acid 
ferments does not exist. 

Yoghurt and other such like sour milk preparations deserve the 
attention of hygienists. 

Chemistry. — "On the course of the plaitpoint line and of the 
spinodal lines, also for t/ie case, tluxt the mutual attraction of 
the molecules of one of the components of a binary mixture 
of normal substances is slight' \ by Mr. J. J. van La ar. (Com- 
municated by Prof. H. A. Lorbntz). 

(Communicated in the meeting of April 26, 1907). 

1. In the latest volume of These Proceedings *) Dr. Keesom (also 
in conjunction with Prof. Kamerlingh Onnes) stated some important 
results, inter alia concerning his investigation on the special case that 
one, e.g. a^, of the two quantities a^ and a, is very small ; which is 

1) Kamerlingh Onnes and Keesom, These Proc, Dec. 29, 1906, p. 501- 508 [On 
the gas phase sinking in the liquid phase etc. (Comm. 966)]; Keesom, Ibid. p. 
508—511 [On the conditious for the sinking etc. (Comm. %c)]; Keesom, Ibid. 
March 28, 1907, p. 660—664 (Comm. 96c continued); Kamerungh Onnes and 
Keesom, Ibid, of April 25, 1907, p. 786—798 [The case that one component is 
a gas without cohesion etc. (Suppl. N^. 15)]. 
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realised, among others, for mixtures of He(d5,) and H, (a,). In these 
papers, particularly in the last, a particular kind of plaitpoint line 
has been repeatedly mentioned, viz. one passing from the critical 
temperature T^, called "third" by me (Kebsom's 7ib„), to the highest 
of the two critical temperatures T^ (Keesom's Tk^ ). 

Now the theoretical possibility of such a course of the plaitpoint 
line, i.e. of one of its tivo branches, has been first brought to light 
by me in a series of Discussions on this subject M. Not only for the 
special case ftj = 6„ for which among others, fig. 1 of June 21, 1905 
holds, but for all possible cases (see specially Teyler I and II). We 
found that such a course will always be found, when the ratio of 

the two critical temperatures ^ = — ^ is larger than the value of this 

ratio, for which the plaitpoint line has a double point. This type was 
called type I by me. (see also fig. 1 of Oct. 25, 1906). 

The case that a plait starts from Co to C„ or also at the same 
time from C, to C^ (when there is a minimum temperature in the 
plaitpoint line) is not new (see K. 0. and Kkesom, p. 788 below), 
but has been before described and calculated by me in all particulars. 

The double point in the plaitpoint line, discovered by me in 1905 
(June 21), did not only give the key to the possibility of such a 
course, which had already been ascertained for mixtures of water 
and ether, of ethane and methylalcohol ') \ but also the connection 

~^) These Proc. May 25, 1905, p. 646—657 ; Ibid. June 21, 1905, p. 33—48 ; Ibid. Aug 
17, 1905, p. 144—152 (Gf. also Arch. Neerl. J905, p. 373-413); Ibid. Jan. 25, 1906, p. 
578—590 (Also Arch. Neerl. 1906, p. 224-238); Ibid. Oct. 25, 1906. p. 226— 285. 
Further Arch. TsyLER (2) X, Premiere partie, p. 1—28 (1905); Ibid. Deuxifeme 
partie, p. 1—54 (1906). Henceforth I shall refer to papers in these Proceedings 
by mentioning the date, to papers in the Arch. Teyler by putting Teyler I or II. 
3) I do not quite understand why in cases as for He + H^ the plait considered 
is particularly called a '^gasphU'\ With exactly the same right the two coexisting 
phases might be called liquid phases, expecially at the higher pressures in the 
neighbourhood of the point Cq. With reference to water-ether, etc. we speak of a 
gas phase and a liquid phase before the three phase equilibrium is reached, i. e. at 
higher temperatures; and when at lower temperatures the equilibrium mentioned 
has established itself, of two liquid phases. The ""gas phase'' is then determined 
by the branch plait of the original transverse plait (which latter has now the 
peculiar shape directed towards Co in the neighbourhood of the axis x^O, But 
I acknowledge that this is perfectly arbitrary, it being difficult to indicate where 
the pressure is high enough on such a plait to justify us in speaking of liquid 
phases. Would it not be better to follow here van der Waals* terminology, and 
speak of fluid phases, and to call the two phases liquid phases at temperatures 
where the three phase equilibrium is found ? Otherwise in this latter case — keeping 
to K. 0. and Keesom's terminology — we should have to speak of thrpp coexisting 
gas phases, a rarefied one and two very dense ones, which latter, however, we 
should never refer to as gas phases in the perfectly identical case of water + ether. 

3* 
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of the different series ' of hidden plaitpoints, etc. etc., as has, inter 
alia, been indicated in Jan. 25, 1906 (cf. also Tbyler II). Dr. Kebsom 
does not mention that in his figure I (loc. cit. p. 794) besides the 
plaitpoint line from Km to Ky^ drawn there, there always exists 
also a second branch, which runs along the v-axis in the neighbour- 
hood of P7 = 1 from the point where v := b to K^ — and which 
gives rise to a three phase equilibrium at lower temperatures, as this 
has been explained by me. (also in Jan. 25, 1906 and Tbyleh II). 
The fact whether a plait extends in the way mentioned, depends 
therefore, as we said before, in the first place on the fact whether 

the values of ~ and — f so of ^ = — ^ and jr = — ) are such that 
^ «A T, pj 

is larger than that value of 6 for which the plaitpoint line has a 
double point with given value of ^. The knowledge of this double 
point, being therefore of so great importance for the distinction of the 
different types, I have carried out in Teyler I the lengthy calculations 
required for this, and drawn up the results obtained in tables. [See 
also Tbyler II, where fig. 22 (p. 30) represents the results graph- 
ically]. 

Hence not the fact that Tjan ]> Tk^ [with perfect justice Kebsom 
says in a footnote (loc. cit. p. 794) that Tkm may also be <[ T^J, 
but only the fact that 6 lies above the double point tWz^e, determines 
the considered course of the plaitpoint line. (See also Oct. 25, 1906, 
where I summed up most of the results obtained by me).*) 

It is true that Keesom mentions in a note (loc. cit. p. 786) that 
I have examined the plaitpoint line for the case a^ = 0, but this 
statement is not quite complete, for I have not only examined such 
a plaitpoint line for this particular case a^ = 0, which I cursorily 
mentioned in a note (June 21 , 1905, p. 39), but for all cases. Quali- 
tatively the plaitpoint line Co C, for the case /ij = is not distinguished 
in anything from that for the case a^y>0 (provided it remain in 
the case of type I), hence there was no call for a special investigation 
of the form of the spinodal line and of the plait for a^^ = 0, this 
having already been done for the general case. Moreover Keesom 
himself considers later on the case a^ simill, and no longer a^ = 0, 
which of course does not occur in practice. 

Also the equation of the spinodal line (for molecular quantities) : 

RTv* = 2 (1—^) {v \/a, — b, [/ay + 2x (v \/a^ — 6, {/ay, 



1) Prof. VAN DER Waals says (Thcsc Proc, March 28, 1907, p. 621), "that as yet no 
one has succeeded in giving a satisfactory explanation of the different forms (of 
plaits)." I think I have done so to a certain degree in my papers of 1906—1906, 
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given by Keesom, had already been drawn up by me (May 25, 1905, 
p. 652) in the identical form: 

i27V = 2 [« (1-.1?) (av — p y/ay + a (r-6)'], 
where a = |/a, — [/a^ and ^ = 6, — b^. 

2. The answer to the question whether the plait extends from 
Co to C, with or idthout double point in the spinodal curve, i. e. 
with or without minimum plaitpoint temperature, in other words the 
answer to the question whether the plait passes from Co to C, un- 
divided, or whether two plaits extend on the tf?-surface, one stai'ting 
from Co, the other from C„ which meet at the minimum tempera- 

ture — depends on the value of ff = --^ (on which also -^ depends) 

p 
for given value ol :nr = — . The condition for this I derived in 

Pi 

Aug. 17, 1905, p. 150, and Jan. 25, 1906, p. 581. In the summer of 

1906 I calculated the place of the minimum itself (Cf. Oct. 25, 1906, 
234, line 18 — 16 from the bottom), but seeing that the paper, which at 
that time had already been completed and sent to the editor of the 
Arch. Teyler, has not yet been published (it may be even some time 
before it is), I think it desirable to publish already now the calcu- 
lation in question. 

Like the calculations of Keesom, Yerschaffelt and others, it starts 
from the supposition that a and b do not depend on v or T, and 
that these quantities may be represented by 

Ox = [(1- «) {/a, + a {/a,y ; 6, = (1—^) b, + a 6,. 

So in conformity with Berthelot and others we assume that 
aj, = |/aj a,. Some time ago Prof, van dbr Waals raised his voice 
against this supposition ^), and it seems to me that there is really 
much to be said in favour of a^, being in general not = V^a^. 
But as a fii*st approximation the equation put may be accep- 
ted, the more so as also the variability of b with v and T is 
neglected. That in consequence of the assumption a^, = l/a^a, the 
left region, mentioned by van der Waals, would be compressed to 
an exceedingly small region, can hardly be adduced as an argument 
against this supposition ; rather the fact that the attractions are 
specific quantities, and that therefore 6i, need not be = l/^^e,. 

For the calculation of the minimum we start from the equation 
of the spinodal curve, derived by us (loc. cit.): 

1) These Proc, March 28, 1907, p. 630—631. 
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RT — \ [*• (l-«) (av - ^ l/ay + a (r— 6)'], ... (1) 

.r=?5:[,o-.,(.-i'^«)Vi(.-Aj]. 

which with - = a> , - = nco , - = y passes into 
V V a 

727' = -^ ncaU(l— ;c)(l— n<i>(y + j:)) +(y+j?)" ( 1— (l+iu?)<oj |.(Ia) 

r or — = = ip-\-a and — = z= a> + ^^^ = (1 +««a>). 

Now the spinodal curve must show a double point, in other words: 

df df 

f- = and ~ = 0, 

oa Oio 

when / represents the second member of (la). The first equation 

gives: 

(1-2^) {Uzy - 2.r (Ux) {Uz) nco+2 (y-f ;r) (l-y)" - 2 (y +«)" (1-y) nco = 0, 

when for the sake of brevity na>(y-f^) = ^ and (l-fn^)co=:y is 

z 
put. Bearing in mind that nio = , we get for the last equation: 

{\^^x){\^zY-'^^^^^f^ (a) 

»+« 

The second equation yields, when in (la) the factor co is brought 
within [ ] : 

^ (1- «) ["(1—^)' — 2o> (1-^) w (y + .J + 

+ ly+^)' [(1 - y)" - 2co (1-y) (1 + nx)\ = 0, 
or 
^ (i_.r) \{\-zY - 2z {\-z)\ + (y-f .r)' [(i-y)* " 2y (l-y)l = 0, 

i. e. 

From (6) we solve : 

Also from {a) : 
1-2.F = r_ 2(y+^)(l-j/)' + 2 (y+.r)(l-y)r + ^^^*- (1-^)1 :(!-*)% 
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when for a:(l — ^.r) the value from p is substituted. Further reduction 
yields : 

or 

(i_^)« |_^ y 1-3J' 



l-2. = -'<*+^>^^-^ 



or 



2(»+^)(l -y) (l-y)-3^(l-;g) 
1 — J« = . . . . (o) 

(1—zy i-Sz ^ ' 

From (a) and {§t) follows, as (1— 2a!)' = 1 — 4a?(l— a;) : 
ij.4r«,-<- .. (t-y)(i-3y) ^ 4(»+^)M-y)' [(i-y)-8^(i-*]' 

-t- W-|-«) (i_^)(i_^3,) (i_^^4 • (1— 3c)' 

i.e. 

^= [i-t)^|i-i |[(^-y)j<^-y>-^^^-^)j-^ 

Arrangement according to the powers of z yields for [ ] : 
(3y'-y') -6^ (y + y') 4-3^' (l + 5y + 2y') + ^•(-.8^12y) + 6^\ 

or 

y^3-y) - &yz (1+y) + 8^»(1 + 5y + 2y») - 4^» (2 + 3y) + 6;r\ 

which may be reduced to 

so that we find : 

^ _ 4(y+^)'(l-y)(y-^)'(6^'-8^+3- y) 

from which may be solved: 

*(1— y)(y-^) (6^ -8^+3— y) 
through which y -f 4? is expressed in the two parameters y and z. 
In consequence of this (/?) passes into 

^ ri .\- (l-^)'(l-3^)(l- 3y) 

a?„, (1 — «,„) = — — — - — -— — , .... (3) 

%— e)'(6^«— 8e+3— y) 

from which ,r„, may be calculated with given values of y and z 

Then ipm is also known through (2), i.e. expressed in y and z. 

Further we now find for RT^ according to (la) : 
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2«' r (]-c)'(l_3r)(l-3v) (l_zV(l_3.')'(l-y) 1 

as nctt (y + ,t) := 2 and (1 -|- n.r) to^y. Reduction yields: 

^ 4(y-;r)'{6^'-8z+3-y) L ^ ?' V n y;j 

n 1 

The expression between [ } is = 2(y — 2), hence, - being—, we get: 



6. (y_«)(6^'-8z+3-y) 
Let us express tliis in 7^,, the critical temperature of one com- 
ponent. {T, < T,). We find : 

' 27 5, 27 6, ' 

as ^ «i was put. At last we get : 

a 

r« 27 CO (1-;,)^(1^3^) 



1\ 8 y«(y^;,)(6r'-8^+3-y) 
Now 

Z =znCO (y -|- a?) ; • y rz: (1 + ««)C0, 

from which we solve: 

2 XZ 

nco = — -- ; y = CO + 



(*) 



hence : 

a?^ 1 y 

CO = y — ; - = - (v+«) —«.-.. (5) 

Now CO and n have been expressed in y and 2, as (y -f ar)« and a?„ 
had alreadj' been expressed in y and z by (2) and (3). 
As further: 



and 



5 6, tf 
y l/a, |/a, |/«' 



when tf = 7', : r, = -' : r^ and .t = p, : p, = -^ : r^, we have also: 



1 + n ' (1 + ny 

80 that also ^ and n can be expressed in y and ?. 



1 + « • (! + «)• 
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Revei-sely we may now also think Hie corresponding values of 
CO, .V and Tju to be solved for any (jiven pair of values of jr and ^, 
though e.rplicitly this is impossible, so that we shall have to be 
satisfied with the set of equations from f2) to (6). 

The further discussion of these equations, particularly with regard 
to the branch C^A of the plaitpoint line, in connection with the 
longitudinal plait, will be found in the paper, which will shortly 
appear in the Arch. Teyler. There the course of the pressure is also 
examined, which we no further discuss here. It is only desirable to 
calculate the data for the 'Hhird" critical temperature (\, viz. .r, 
and T^ — not because these data are indispensable for the following 
considerations, but because Keksom includes them in his considerations, 
and it is profitable in any case to know something concerning the 

rtlation — or — . 

b 
As t; = J for the point C^, so y = - = 1, and the equation of the 

V 

v , a?-projection of the plaitpoint line (Aug. 17, 1905, p. 146; Teyler 
I and II), viz. 

(1_^)«(1 — 2a»— 3.r(I— .i?)na>)+3(y+fl?)(l-y)'(l— ;?)(1— 2^)-t- 

is reduced to 

1 — 2x^ — 3a?p(l*— 4?,)n<o, = 0, 

or as y = (1 + no?) oi, and hence oi^ = , to 

from which follows: 



From this is seen that the situation of C^ depends only on the 

value of n or 1 -|- w =: r^. 

The corresponding value of T^ is found from (la). For y = 1 
we find : 

Rr„ = ^»^,(i-^j(i-^,)% ' 

in which a^^ = — ; and z^ = nu>^ (tp + a?J. 

As -Tj = — --— (see above), we have : 
a1 6j 
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r. 27 a)„ 

~ = -T-i^.a-^.)(i-^.y (8) 

Hence we can immediately calculate .r, and T, from (7) and (8) 
for any given set of values of ff and :t, or y and w. 

3. For our case (a^ small) it is now important to know, when a 
minimum occurs in the plaitpoint line Cq C„ when not. For this 
purpose we shall derive the condition that the minimum is to appear 
exactly in the point C,. Evidently this condition will then indicate 
the limit between the two cases that there occurs a minimum in 
the neighbourhood of C, or not — in other words whether the line 
of the plaitpoint temperatures in C, descends first and rises later 
on to T^ in C, ; or whether there is an immediate rise from T^ to 
T^. (We call to mind that with us T, is. always the highest of the 
two critical temperatures T^ and T!,). 

Now y = - = - in the point C,, while a? = l. Hence equation 

t? 3 

(2) passes into 

vvr ; 4x7, (7,-^)' (65'-8«+2V,) 16(2-38)'' 
from which follows: 



hence 



^^ , 4 2-Sz ' 



|/a, ,1 ^ (l—zY 



[/a, if (1-3*)' 

From 

2 = nto (9) -|- «) 

b. b. b. \ \ 
follows further, as «) = — = — X,— = r r":— and .1; = J : 

V V b^ 6 \-\-n 



This yields: 



or 



In 3 « (1-*)' 

Z ■= (ffi -+■ 1) = . 

Sl+n^'^^ ' 4 1+n2-3z 

1+M_3 (1— *)' 
~ir ~ 4 z{2-Zz) ' 

i, 3 {l—zY 



When we put: 
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[/«; = « ; . = . 



the simple relation 



34-2 l/x ' 



follows from (a) and (ft) after some reduction, in which the sign ]> 

refers to the existence of a minimum in the neighbourhood of C,. 

The condition (c) found by us is quite identical with that, which 

I /d^ar^ 
we derived before from the formula for — - ( --— I found b^^ us 

(Aug. 17, 1905, p. 150 and Jan. 25, 1906, p. 580). This condition was: 

^(3|/jr— 1)«' 

1 /'dTx\ 
With this difference, however, that we then considered — ( -— - ) 

at Ci , whereas we have now examined the branch of the plaitpoint 

1 //tT \ 

line which starts from C,, so that we have to calculate ;7r( ~r~|i 

and to derive the condition of the minimum from this. But it is 

immediately seen that it is obtained by substituting — for 6 and — 

for n in the above condition. 
So we find: 



1 jr[/jr 



(^»-r 



or 

^^^Mi-v.y ,,,j 

4 
And it appears immediately that (c) is identical with (c'), when 

we substitute — for x' and - for k in (c). 

This furnishes a good test, both of the accuracy of the above 
derived formula (c), and of the condition (c'), derived by us before. 

Let us now examine what values of ^ and x correspond according 
to the condition (c), so that the minimum still appears exactly in C,. 
The corresponding values of z required for the calculation of T^, 
may be found from (a), giving: 

_ 1 i/x-3 

^ ~ 3 yi~i 
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The subjoined table combines the calculated values. We call 
attention to the fact that the niinimuni in the neighbourhood of C 
can only belong to the branch C^C^ for type 1 (^ > the double 
point value), and never to the branch C,6\ for type II or III 
{0 <] the double point value). For 7\ > 7\ being put, the minimum 
on C'jCi cannot possibly lie at 6\, but it can lie in the neighbourhood 
of 6\. 









x« 




X, ' 


7i 


Ti^T; 1 


* = V8 


00 


00 


00 


00 





00 


I (Case ai-0) 


V. 


25 


i"/.. 


325 


169 


0,279 


364 


1,12 


V, 


16 


^Vi, 


176 


121 


0,365 


209 


1,19 





9 


1 


81 


81 


0,500 


108 


iV, 


-V. 


4 


Vt 


'^ 


49 


0,694 


— 


— 


—1 


2V. 


Vs 


131/9 


36 


0,800 


30»/, 


2V. 


Too 


1 


Vs 


5 


25 


0,896 


— 


— 


V. 


V4 


v„ 


1 


16 


0,968 


9,30 


9,30 



That is to say : for a gas vdthout cohesion as one of the components 
of the mixture {a^ = 0, x = oo) X would have to be larger than the 
limiting value oo, for a minimum to appear in the line C, C, in the 
neighbourhood of C,. (Then ^©/r, <C 1 would be at the same time). 
For finite values of X this cannot be satisfied, and the line C,(7, 
proceeds with T^ > T, v^rithout a minimum. 

For a gas with feeble cohesion, where e.g. x = j y^ — = 16, 
A = ~ must be > lVii> for a minimum to appear. ^Vr, is then <[ 1,19. 

For He— H, — is about 175, hence x = 13,2 according to an 

estimation of Keesom (These Proc, March 28, 1907, p. 661; Ibid. 
April 25, 1907, p. 794). To this corresponds accoi-ding to formula (c) the 
limiting value ;i = 1,29. Now Keesom estimated (loc. cit.) this value 
at about 2 for He — H„ and 2 being > 1,29, there is a minimum 
in the plaitpoint line in the case of He — H,. This minimum can be 
fully calculated by the aid of the formulae (2) to (8). The value of 
Tajx^ is then smaller than about 1,25. 
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For x = 2V„ X must be > '/., and then '^Vr,<2V,. Etc., etc. 

The larger therefore the value of a^ — the smaller in other words 
the value of x — the smaller also the limiting value of X, above 
which a minimum is to be expected, the sooner this will therefoie 
appear, and at comparatively large corresponding values of ^Vr,- 

But as we alrec^dy observed in $ 1, all this refers only to the 
existence or non-existence of a minimum in the line C^ C,. Tkat this 
line has the shape in question, depends on quite diflTerent circumstances 
— viz., as I already showed in June 21, 1905, p. 33 — 48 for b^ = 6„ 
and further extended to the general case in later papers (particularly 
Tktler I), it depends only on this, whether for the given value of :ir 
the value of is found above that at which the plaitpoint line has 
a double point or not. And the criterion for this is fig. 1 of Oct. 25, 
1906 (see also Teyler II). If we are above the limiting line DBPAC\ 
we are in the region of type 1, where one of the branches of the 
plaitpoint line runs from C\ to C, (the other from ^4 to C, — see 
e.g. fig.l of Juni 21, 1905 and fig. 1 of Jan. 25, 1906). And belotv the 
limiting line we are in the region of type II (or III), where the 
branches of the plaitpoint line are 6\ C, and AC^. But for all this 
consult the papers cited. 

April 1907. 



Appendix. After I had written the above considerations, the Con- 
tinuation of the last cited paper by K. Onnes and Keesom appeared 
in These Proceedings, April 25, 1907, p. 795—798. There a condi- 
tion is derived for the appearance of a minimum plaitpoint tempera- 
ture, which is identical with that which I published Jan. 25, 1906 
(formula (3), p. 581), at which result also Vbrschappelt (These Proc., 
April 24, 1906, p. 751) arrived a month later. 

For on p. 796 K. 0. and Keesom give the condition (see formula (2)): 

Now in my notation ««/fli = 'A^ (see above; I denote viz. the 
component with the smallest value of a by the index 1 ; Keesom 
does the reverse). Further ^/b^ = V>> so that the above formula 
passes into 



l/^=^[- 1+^^+4 



from which follows: 
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3+2 |/x 

being my above formula (c). And concerning this we have just 
proved that it is identical with my relation and that of Verschaffblt 
(Jan. and April 1906), viz. 

_ 4:rl/jr 
-"(31/^-1)'^ 

which is of general application, irrespective whether the branch of 

the plaitpoint line starts from C, towards Cj or towards C,. As we 

already observed, this expression holds on the side of the component I, 

when = ^"/^i and tx = p^/p^ , so for the branch starting from what 

is point C, with me. For C, (Kkbsom's K^) 6 and n must 'simply 

be replaced by Ve and \/^ (see above in $ 3). 

So in my opinion the footnote on p. 795 in the paper by K. 0. 

and K. of April 25, 1907 is not accurate, for according to the above 

the conclusion of Verschaffblt (and mine) does not require any 

qualification, because the formula ^) given by us holds for any 

course of the plaitpoint line, irrespective of the fact whether the 

considered branch runs from C, to d or to Cq. For the transition of 

the two types takes place gradually through the double point of the 

plaitpoint line, and hence the two tjpes are analytically included 

dT^ 
in the same formula, so that only one expression exists for — -, 

ax 

which holds equally for the two cases. And if any doubt should 

remain, this must be removed, when from the above the identity is 

seen between the relation derived last by K. 0. and K., and the 

general one of Verschaffblt and me. 

It will be superfluous to observe that the so-called (homogeneous) 

"double plaitpoinf in the branch of the plaitpoint line C^C,, of 

which K. 0. and K. speak, is identical with the fully discussed 

minimum and with the double point in the spinodal line, and should 

not be confounded with the "double pomf\ found by me in the 

(whole) plaitpoint line, where the two branches of this line intersect, 

and which separates the two types I and II (or III), the data for 

which double point can be calculated for the general case only with 

great difficulty, (see Teyler I). 



1) In the footnote on p. 795 it says maximum temperature; this must of course 
be minimum temperature. 
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Astronomy. — ''On periodic orbits of the type Hestia. By Dr. W. 
DE Sitter. (Communicated by Prof. J. C. Kapteyn). 

The problem, of which some particular solutions will be treated 
here, is the following. Two material points S and J, haying the 
masses 1 and fi, m0ve with uniform angular velocity w' = 1 in 
circles in one and the same plane round their centre of gravity. 
The constant distance SJ is adopted as unit of length. Another 
material point P, with an infinitely small mass, moves in the same 
plane under the influence of the Newtonian attractions of S and «/. 
This is the problem which has (for n = 0.1) been so exhaustively 
treated by Darwin in Vol. XXI of the Acta Mathematica. The parti- 
cular solutions which are treated below are those in which the orbit 
of P is periodic and its limit for Lim. fi = is an ellipse with a 
small excentricity, described round /S as a focus with a mean motion 
not differing much from 3. If this limiting orbit (i.e. the undisturbed 
orbit) is a circle, then the solution is, in Poincar^s phraseology, of the 

first sort {sorte), and its period is T= -. If the excentricity of the 

undisturbed orbit differs from zero, the solution is of the second 
sort, and the limiting value of the period for Lim. fi = is Lim. 
y = 2;r. These solutions of the second sort are at the same time 
of the second genus (genre) relatively to those of the first sort. 

The solutions of the first sort are the orbits of Darwin's "Planet 
A". This family of orbits undergoes within the range here considered 
a transition from stability to instability, which has been discussed 
by PoiNCARiS in an investigation contained in the articles 383 and 
384 of his "Methodes Nouvelles" (Vol. Ill, p. 355—361). The 
results there reached will be derived here by a different (and, as it 
seems to me, simpler) reasoning. 

Darwin's work also presents an example of an orbit of the second 
sort, viz. the orbit figured by him on page 281 and designated as 
a?, = — . 337. Although PoincarjS proves the existence of solutions 
of this kind, he seems to have overlooked the fact that Darwin had 
actually computed one of them. 

These solutions and their stability I wish to consider from the 
point of view of the general theory developed by Poincar^ in the 
first and third volumes of the *'Methodes Nouvelles". The following 
is a summary of those general theorems, proved by Poincar^, which 
will be used here. They are true for every problem capable of 
being reduced to two degrees of freedom, containing one variable 
parameter, and admitting for each value of this parameter a finite 
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number of periodic solutions. It need hardly be mentioned that 
their valency is restricted to a certain domain of the several variable 
quantities of the problem, of which it will however not be necessary 
to transgress the limits. 

A periodic solution is completely determined by the values of the 
parameter and of one constant of integration or "element". The 
periodic solutions occur in families, the members of which are classi- 
fied according to increasing or decreasing values of the parameter. 
These families may be graphically represented by curves cp (x , /J ) = 0, 
where x is the parameter of the problem and jS the determining 
element. 

The stability or instability is determined by a certain quantity a, 
which is by Poincar^ called the characteristic exponent. If the 

2 TT I 

period is Ty then values of a differing by a multiple of — ;^i «^ust 

be considered as identical. The following three cases are possible: 

ojT purely imaginary the solution is 5to6/^ 

aT real the solution is evenly unstable 

aT complex, with imaginary part =zm: the solution is unevenly unstable^). 

A solution having the period T can as well be conceived to have 
the period T' = 2 T. If it is unevenly unstable with reference to 
the period T, it is evenly unstable with reference to the period T\ 

Within each family the exponent a and the period T vary conti- 
jiuously with the parameter x. The product aT and tlie differential 

coefficient -— become equal to zero for the same values of x. The 
dp 

curve = then either has a multiple point, or is tangent to a 

line X = const. The family splits into two branches, or, which 

comes to the same thing, two families have one member in common. 

If ('^o A) is the point representing this common member, then we 

have the following rules. 

The number of branches of the curve ^ = (i.e. the number of 
families of periodic solutions) for x > x„ differs by an even number 
from the number of branches for x <^ x^. 

The branches which part from the point (x^ /JJ towards the direction » 
of increasing x are alternately stable and evenly unstable *). The . 



1) The names even and uneven instability have been introduced by Darwin. 
PoiNGARE distinguishes them as instability of the first and second ''classe". The 
relation of Darwin's quantity c to the exponent a is given by the formula ;«T= tVc. 

2) To avoid circumlocution I speak of * stable and unstable branches", meaning 
branches whose pomts represent stable and unstable solutions respectively. 
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same thing is true of the branches on which x decreases. The two 
branches between which lies the part of the line x =z x^ on which 
^<^Po, are either both stable, or both unstable, and similarly the 
two branches enclosing the other half of the line x =z x^. If 7^ is 
the period of one of ihe branches and 7'' of another, and if T^ and 
T\ are the values of these periods in the point (x„ ^9J, then Tq and 
7^\ are mutually commensurable. If 2"\ is their least common 
multiple, then a/r\ = 0. If e.g. "T\ = 2 1\, then the instability is 
even with reference to the period T\ 

As an illustration of these general rules I may be allowed to 
mention a few of the simplest cases. 

1. The curve = is tangent to the line x = Xo. There are 
two families, springing from a common member, which come into 
existence at this value of the parameter. One of them is stable, and 
the other is evenly unstable. An example of this is presented by 
Darwin's families B and C of satellites. 

2. The curve has a double point. Two families are ^'crossing" 
each other, at the same time exchanging their stability. 

3. The curve consists of one branch tangent to the line x = x^ 
and another branch intei-secting the (irst in the point of contact. 
The two families which come into existence at this value of the 
parameter are both stable or both unstable. The third family, which 
exists both for x > x^ and for x <] x^, becomes stable if it was 
unstable and unstable if it was stable. 

The cases 2 and 3 are the only ones occurring in the present 
investigation. 

The proof of the above supposes that the j)roblem can be reduced 
to the second order, so that there are only two characteristic exponents 
(-}- « and — «). The choice of the parameter is determined by the 
wav in which this reduction is elTected, or is conceived to be effected, 
Darwin uses the integral of Jacobi for this reduction. Consecpiently 
his parameter is the constant C to which this integral is ecjual. This 
constant C is a function of the two elements a and e. The fu-st of 
these can be replaced by the mean motion n, or by the period 

7'= . In consecpience of the reduction of the problem bv 

w — 1 

means of the integral of Jacobi one of these elements, say T, is 

eliminated. This therefore appears no longer as an arbitrary constant 

of integration, but is entirely determined by C and e. On the other 

hand C is entirely determined by 7' and f^ Now Darwin's calculations 

show that T continually increases if (J decreases. It is therefore 

irrevelant for our purpose whether we consider (- or 7' as the 

4 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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parameter of the problem. The parameter which I will use here is 
T' = 2 T. This change from C to T' can also be conceived as no 
more than a simplification of language. Instead of saying: "the 
solution corresponding to the value of C for which the period of the 
solution of the first sort is V« ^' "> I ^y - "the solution corresponding 
to the value r'\ 

In Darwin's work fi has the constant value 0.1. If now we 
choose a convenient element §, we can conceive the curves {T', §) 
to be drawn. Next imagine the same thing to be done for other 
values of fx, and take fi, T and § as rectangular coordinates. The 
curves 0(T', §) belonging to the various values of fx then produce a 
surface, every point of which represents a periodic soJution. 

If, on the other hand, we take for T a fixed value 7",, 
considering [i as the variable parameter, then we have another 
problem, also admitting families of periodic solutions, which can be 
represented by curves ip (fix, §) =z 0. If T\ varies these curves describe 
again the same surface. The form of this surface will now be 
investigated. Its section by the plane fi = 0.1 then gives all periodic 
solutions of Darwin's problem. 

The element which I will use is lE;z=z e^cosiZ^, where e^ is the 
excentricity and co^ the longitude of the perihelion of the undisturbed 
orbit, which is the limit of the orbit of P for lim. fi = 0. The 
longitude cS^ is counted from a fixed axis which at the beginning 
of the period co-incides with SJ, The orbit of P is not periodic 
unless cSj has one of the two values or jr. Moreover at the begin- 
ning of the period P nlust be on the line SJ, i.e. there must be 
either opposition or conjunction. 

Solutions of the first sort are characterised by § = 0. These solu- 
tions can have anj- period, therefore the whole plane § zz: is a 
part of our surface. The line § = 0, fi = 0.1 represents Darwin's 
family A, For a value of T =2T, which lies between 330' and 
354"*, i.e. between 1.83 st and 1.97 jr, this family loses its stability 
and becomes unevenly unstable. So there must be another family 
which at this point has a member in common with the familj^ A, 
This new family must have the period T' , and is therefore of the 
second sort. If for the sake of argument we assume the change of 
stability to take place at the value T' = 1 .9 ct, then we know of 
the branch of the curve ^ =: 0, which represents this family, that 
for T < 1.9 Jt it is evenly unstable and for T > 1.9 Jt it is stable. 

Now there are only four possible periodic solutions of the second 
sort, distinguished by the following positions of P at the beginning 
of the period : 
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B : P in opposition in aphelion (co^ = 0, § = + e^) 

B' : „ „ „ „ perihelion {i3^ = jt, § = — e^) 

C : „ „ conjunction „ perihelion (co^ = 0, I = + ^o) 

C' : „ „ „ „ aphelion (<Oo = ^> § = — ^%) 

With reference to rotating axes, of which the axis of iC co-incides 

with SJ, the orbits B and B' are identical, and similarly C 




Orbit of family B or B' 
Fig. 1. 

and C\ The orbits B and B' are of the form represented in fig. 1. 
The orbits C and C are of the same form, rotated through 180^, 
i.e. with the double point away from J. 

The families B and B' are stable C and C are unstable. This is 
easily found by considering the equation which determines the 
exponent a. This equation is (see Poincare, Acta Math. XIII, p. 134): 

''^' "*' = Jifi ^""'^ ^"~^ ''' ""' ^'^' + '''' ^^"^ 
Now using the variables employed by Poincahe 1. c. pages 128 
and 171, we find easily 

n, = — l w, = 3 C,, = 6\, = C„ = — 3 .1',-^. 
If further in ip (i. e. the average value of the perturbing function 
over one period) we neglect the terms which contain a higher power 
of e than the second, we find 

i|? = fi Ke^ cos s 6 = CO, -|- 3 (i>j 

where s is the mean longitude of P at the beginning of the period, 
and K is a positive constant. 
We find thus 

4* 
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«^ = 3 fi Ke^ x^ — * cos e. 
Thus, for positive values of fii, a' is negative, and therefore the orbit 
is stable, when there is opposition at the beginning of the period. 

For positive values of fx therefore BB' is stable and CC is unstable, 
for negative values ^) of fi BB' is unstable and CC is stable. It is 
evident that, for § = 0, J5 and B' co-incide, and similarly Cand C ^ The 
branch of <P = which intersects § = in the point T' = 1.9 /i 
therefore represent*? either the family BB' or the family CC . In 
the first case it is stable, and therefore it must on both sides of the 
point of intersection bend round towards the right. In the other case 
it is unstable and encloses the stable part of the line § = 0. 

Now Darwin has, for 6'= 39.0, i.e. 7" = 1.97jr, actually com- 
puted and drawn an orbit, which shows the form of fig. 1, viz. : 
the orbit a?^ = — . 337 which has already been quoted. This orbit 
thus belongs to ihe family B, but it also belongs to B' . It belongs 
to B if P i? in aphelion at the beginning of the period and in 
perihelion in ^ae middle of the period (being at both times in opposi- 
tion to «/), and to B' in the opposite case. The branch of the curve 
^ = which passes through the point V = 1 .9 jt therefore represents 
the family BB' , and not CC . Consequently it is stable, and that 
part of the section of our surface by the plane fi =r 0.1, which lies 
to the left of the line 7''-:=2nr, is thereby completely determined. 
This section is represented in Fig. 2. Stable families are there, and 
in the following figures, represented by heavy full lines, unevenly 
unstable families by bi'oken lines, and evenly unstable ones by 
dotted lines. 



:C 



: I 



A 






Fig. 2. 
We next consider the section of our surface by the plane fi == 0. 



') The meaning of a negative value of yL is that the force emanating from J 
is repulsive, the force from S remaining attractive. 
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We know then that there are stable periodic solutions of the first 
sort with an arbitrary period, and of the second sort with the period 
T =i2 n and an arbitrary excentricity. The section therefore consists 
of the line 1 = and the part of the line V = 2;r between the 
points §=-f-l and %=z — 1. I wish, however, to confine myself 
to small values of §. This section is represented in Fig. 3. 

Next consider the section 
by a plane T' = 7\^ where 
1.9jr < 7;'< 2jr, and the curves 
If? (|[i, §) =: in that plane. The 
m — J^o line fi = is a part of this 
curve. The lower part of this 
line is stable, the upper part is 
unevenly unstable. In the point 
where the transition to insta- 
bility takes place the line§=0 
is intersected by the branch of 
1^ = representing the family 



B' 



d 



^ 



^^ 



Fig. 3. 



BB' , This family being stable, that branch must on both sides of 
the point of intersection bend upwards, as is represented in fig, 4a. 
Consider now the section of our surface by a plane parallel to, 
and at a very small distance from, § = 0. The orbits represented by 
the curves x (i^> T') in this plane are all of the second sort. We 
can imagine these orbits to arise by a variation of f* from the un- 
disturbed periodic orbit of the second sort. They then appear as 



'O 



M 



I 



C ..•••r ..^ 



r-" 



■7^= 



t'CZ-TT 



Ty^zr 



Fig. 4a. Fig. 46. 

solutions of a problem, in which the parameter is f^i, § being kept 
constant, and thus T (or C) now is our element. These solutions 
have been studied by Schavarzschjld (Astr. Nachr. 3506). Forfi = 
the period is 2/r. For small values of fx there are (for each value 
of §) two solutions, viz. B and C when § is positive, B' and O 
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when it is negalive. The curve x = ^^ ^li"*^ consists of two branches, 
both passing thi*ongh the point |ti = (), 7" = 2jr, ami there exchanging 
tlieir stabiHty. Since now it has already been shown that the stable 
bmnch B is, for positive values of fi, situated on the left side, the 
unstable branch C must be on the right side. The curves are 
repi*esented in fig. 5. 

Our surface has thus been shown to consist 
of the plane §=0 and of two sheets, which 
j)ass through the line jti = 0, 7" = 2jr, and 
then deviate to the left and to the right of 
the plane T = 2.t. The points of the left- 
hand sheet represent the stable family BB, 
those of the right-hand sheet the unstable 
.^ family CC'. This latter sheet therefore inter- 
^ sects the j)Iane ii = 0.1 in a curve which on 
C/ I \S both sides of its point of intersection with 

^ ^^ ^^ the line § = bends off towards the right. 

"^ * In this same point of intersection the family 

^*8>- 5- A regains its stability, the stable part of the 

line 1 = 0, which represents this family, being enclosed between the 
two unstable branches of the section just considered. This state of 
things is rendered in the right-hand part of tig. 2. Also the form 
of the section of the siu-face by a plane T = 1\ > 2jr, will need 
no further explanation. It is represented in fig. 4i. Whether this 
right hand sheet does reach up to the plane |[i = 0.1, so as to pro- 
duce a real section, cannot be decided by this reasoning. If there 
is a point of intersection with the line f^i = 0.1, § = 0, this must 
correspond to a value of V exceeding 414.°3 = 2.23 .t, since 
for this value the family A is still unevenly unstable, as is shown 
by Daravin's work. That the left-hand sheet does actually intersect 
the plane n = 0.1 is shown by the existence of Daravin's orbit 
a\ = — . 337, belonging to the family BB' (and also by the change 
of stability of the family A), 

Thus all results have been derived which have been found by 
PoiNX'ARE in the '^Metliodes Nouvelles", already (pioted. Naturally 
PoiNCAR^ also must leave the question, whether his results still hold 
for /I = 0.1, unanswered. 

It is not uninteresting to consider the solutions B and C from the 
point of view of the theory of perturbations. This can, of course, 
not teach us anything about their stability, but it will give information 
about the form of the curves -/(|n, 7") = and i|'(f^5) = for small 
values of fi and §. The period of the undisturbed solulion is 2/i. 
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i' 1 

rdiZ rdx . 

J dt J dt 



(1) 



By the perturbing influence of J this is changed to T ^=2n -{- 1. 
The conditions that the perturbed orbit shall be periodic are: 

T 

L . 
az 



where X is the mean longitude of P. For the computation of the 
integrals we must use the mean motion affected by perturbations, 
i.e. n=:3 4-(r. The left-hand members of these equations of condition 
are therefore functions of r and <y, and these two unknowns can 
be determined from them. 

If in these equations of condition we neglect the square and higher 
powers of ^, they become 

T = ^ (2 :rr + r) fi [B(») ± {21 ^(S) + 10 ^/3) + 2 ^, (3)}] 

6jr 4- r = (3 + <J) (2jr + r) — na {2ji + r) fi A^W 

The upper sign in these equations must be used for the family 
CO, the lower sign for BB', The sum within the { } being larger 
than B^\ we find that for the family BB' r is negative, while for 
CC it is positive, as has also been found above. Further the first equa- 
tion shows that the numerical value of the differential coefTicient — 

dyL 

for the first family {BB') decreases if [i increases, while for the 
other family it increases. Thus the left-hand branch of x (f«» T') = 
has its concave side towards the line T = In, and the right-hand 
branch its convex side, as is shown in fig. 5. 

In the numerical computation we must not forget that the formulas 
(1) can only be considered as approximatively irue. The solution of 
the equations is easily effected by means of the tables of Runkle, the 
argument for the determination of the different functions A^^ being 

computed by 

10 
-r -^ 11 

I find in this manner for the two families: 

B\ — z= — 0.085 r = 1.83 jt 

2nr 

C: -^= + 0.29 r = 2.58^ 

These are the periods of those orbits of the two families, which 
have § = 0, and which therefore co-incide with a member of the 
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fiimily A, whose period is T =: V . Darwin's conipiitatioiis show 

that the value of T for which the families A and li co-incide 
must lie between l.HiiB :i and 1,97 .t. Tlie point of eo-ineidence of 
A and C is outside tlie re«:ion exphired l>v Darwin, the corresi)onding 
vahie of T must therefore be larger than 2.23 :t. 

If in the e(piati(ms (1) we take account of the scpiare of e, tlie 
right-hand member of the tirst must be multiplied by Vl — ^*. In 
the second /Ij'^^^ must be rei)laced bv 

,4/0) J\. e' TiJ/i; dtz {31 .1, 3) _|. 24 yl.W + 6 y1,(3 A 

and ^l^i^^t must be added to the seccmd member. Now if we take 
2' = const, then t is constant and also <t can be taken to be constant. 
The second ecpiation (1) then is of the form 

vi)m{. = H{l'-\- (y) . . (2) 

Now we have 5' = ^', therefore (2) is approximately the equation 
tf' (/i , g) =1 0. For the family Bli' P and Q are of op])Osite signs, 
for CC they have the same sigji. Thus the form of these curves 
as drawn in the ligures '^a and 4A is confirmed. ^) 



Physics. — ''(Anitnhiit'uni to the tlu'onj of hindry mirtures, IV." 
liy Prof. J. D. \'AN DKR Waat.s. 

Continued, soc p. S40 vol. IX. 
'I'lIE niNODAL CrRVK. 

We might think that for the determination of the binodal curve 
we could follow the following course. It is recpiired for coexistence 
that besides the temperature three other cpuintities are eipial, i.e. 
y>, (/ and ^l/i f 1- If we now also trace the lines on which J/j fi,, is 
ecpial, we should have to seek in order to ilnd a i)oint of a binodal 
curve, the i)oints satisfying the cojidition that the //, q and M^ ^Ji^ 
lines j)assing through this point intei'sect in still another point of 
the field. I'his search, however, being exceedingly difficult would 
give moreover no clear survey of the results. We shall, therefore 
not follow this course. Still 1 shall make some i)refatory remarks 
on the course of this third group of lines. For it is by no means 
devoid of inteivst to know in which phases of a binarv svstem the 

^) Tliis last paragraph has Ijocmi added in tlie English translation. 
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molecular potential of one of tlie two components has the same 
value. We shall call this third group of lines ^'potential lines''. 

The potential lines. 

The value of M^ [i, is equal to ^'— v .r -- ; by differentia- 

dv dv 

Hon we find: 

d M^ jt^i = — ^' " ^ « — 

dv dx 

or 

d M^ ftj :=. v dp — w dq. 

If we want to know the shape of such a potential line, we must 

dv 
know — for such a line, w^hich quantity w^e shall represent by 

I — - j. For the value of this quantity w^e find then the expression: 

dH^ rf'ii^ 

V — — + ^ — -^ 

/a?;\ dxdv dx^ 

\d.rJpot ~ ^"V 

which may also be written: 



V 

dv^ 


+ .r. 


l/o! dc 


V 


ih 




dv X 


dXq 




dxp V 

X 


dv 
d,tp 


• 



So there is a locus in whose points |--)z=:od, and another in 

fdv\ V dv 

whose points )==(). The former takes place when — = — ie 

\ff'^JPot X dXp 

this locus is the series of points in which lines drawn from the 

origin touch the ;>-hnes. On the other hand ( -^ j = if ^ = — . 

\dxjp^t X dXq' 

for the points of the spinodal curve in which -- = —, also |-^-) 

dx,, dx^ \dxjp,,^ 



dv 

is equal to — . 
dxp 



The shape of the locus v = x(-~] is different, according as the 

/>-Iines have the course as in the left region of the general />-figure, 
or as is the case in the middle region or in the right region. The 
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coiu'sc of the /)-lines being modified by the temperature, the value 

of 7' will also influence this shape. 

I^et us first put a left region at a value of T below Tk^ and also 

below 1\. Then tangents may be drawn to all /j-lines from the 

origin. The points of contact on the side of the small volumes then 

form a continuous series of points which begins in the point in which 

dp 
the li(iuid branch of the curve — =r intersects the 1^* axis, and 

dv 

moves further and further away from this curve as it approaches 

the 2"^ axis, remaining all the time at smaller volumes than those 

of the curve mentioned. The points of contact on the side of the 

large volumes also form a continuous series of point, which starts in 

dp 
the |X)int in which the vapour branch of the curve — =0 intersects 

dv 

the 1«* axis, and also moves further and further away from this 

curve as it draws near the 2"*^ axis. This series of points has always 

dp 
larger volume than the curve — = 0. So when a potential line 

• dv 

passes through such a series of points it is dii'ected parallel to the 

K-axis. The locus of the points in which a potential line runs parallel 

to the Jf-axis, and which is found by drawing tangents from the 

origin to the g^-lines, is a curve consisting of one single branch, 

which at small volumes crosses the field from a certain point of the 

first axis to the point r = /> and x=zl. But the shape of this curve 

is very different, dependent on the more or less complicated shape 

of the (^-lines. Without entering into further details we shall only 

observe, that when j-lines run as is the case in the absence of 

zz: 0, tilis curve will have no point in common w^ith the preceding 
d.x^ 

one; but if — = exists, and intersects — = 0, the curve on 

dx^ dv* 

which ( — J = 0, passes round — = 0, and twice intersects the line, 
\dxJpot dx* 

/dv\ 
on which — 1= oo. These two points of intersection are agam of 

\dxJpot 
importance for the shape of the potential lines. Then again a loop- 
l)otential line passes through one of these two points. In this case the 
double point is the point of intersection on the right, and the point 
of intersection lying on the left serves then again as isolated point, 
round which a series of potential lines run in closed figures. That 
in this case the point lying on the right is the double point, is in 
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connection with this that all potential lines terminate in the point 
v=h and .r = l. M^ii^ is infinitely large on the line v = b, and 
on the second axis M^ia^ is negative infinite. In the point v = 6 and 
.t? = 1 the value of the potential for the first component must there- 
foi-e be indefinite. When arriving at this point all potential lines 
touch the line v = b. In fig. 15 the course of the potential lines 
has been schematically represented for this case of non-miscibility in 
the liquid state. The first axis is cut or touched by the potential 




Fig. 15. 
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lines of every degree. M^ f*i = — oo for v =. <x. If r decreases, A^ifii 
increases till the potential lias reached a highest value in the point 

of maximum pressure | -- = J. With further decrease of v the 

potential diminishes, till the final point of the.unstable state is i-eached, 

(fp 
where —- is again equal to 0. There 3/^|lij is minimum. If the point 
dv 

v = b is reached, 3/ifii = oo. With very large volume M^fi^ is 

1 — .r 
approximately equal to MRTlog , in which also a function of 

V 

T is left out, which may generally be left out in the construction 
of the tfvsurface for definite value of T\ from this shape for M^iiy^ 
it is seen that the portions of the potential lines which start from 
the 1^^ axis for large volume, may almost be considered as straight 
lines directed to the point x=i\ and v = 0. If the potential line 
starts from the volume v^, the equation of the initial portion is 
v=v^{l — x). If i\ should be = oo, and so M^{l^=i — oo, the value 
of 3/ifii is negative infinite for every value of x for v = od, which 
it is also all along the second axis. The rule that for very lai^e 
volumes the initial portions of the potential lines may be considered 
as straight lines already follows from the law of Dalton that each 
of the components in a mixture of gases behaves as if it alone was 
present in the volume. If v = 7\ (1 — .i*), the density of the fii-st 
component has the same value, and the quantities determined by the 
density, are the same; e.g. the pressure and the potential. If the 
circumstances are as assumed in fig. 15, there is of coui-se also a 

loiMis where I - 1 = 0, which is again a loop-line passing through 

dv 
the double point of the potential lines. If the locus v — x — =: 

dxq 

dv 
docs not intersect the other v — x — , all the potential lines have 

d,v^ 

llie simple shape which they have on the left side and on the right 

side in fig. 15. 

If we supi)08e a left region at a value of T above 1\, the locus 

dc 
r — X - = () is subjected to a modification. Then the two branches 

of =: have joined, and in the same way the two branches of 

dv 

dp 

this locus will join; but both lying outside — = the point of 

dv 
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junction will lie at larger x than the point of junction of the branches 

of — = 0. This junction must then lake place in a pouit of inflec- 
dv 

tion of a p-line, as is immediately seen when in a />-ligure the 

tangents are drawn from the origin in the circnmstanceB mentioned, 

in which it also appears that the i)oint of contact then lies on a 

p-line of maximum value. So tlie point of junction mentioned is a 

point in which the tangent of a />-line in its point of inflection passes 

dv 
through the origin. From the differential equation of v — .r = 0, 

dx^, 

if V is taken as function of .^? and />, follows for this locus: 

d^v 

/r. 
dp 

dx 





X 

dx% 


dv 
dpx 


d'v 

— X 

dpd.v 



The potential lines of low degree have then lost the points in 
which they ai'e directed vertically, and have then a very simple 
shape. With decreasing volume they no longer run back to smaller 
value of .V. 

In the second place let us choose a region in the middle, where 

dp ' dp 

the two points of intersection of —=^0 and — =0 are found. 

dx dv 

dp 
Even though the two branches of — = remain entirely separated, 

dv 

dv 
this is not necessarily the case with the two branches of ^;--.^'-— = 0. 

dxp 

It is easy to see that the branch at the smaller volumes lies above 

dp 

— = only from a? = to the double point of the r^lines. With 

dv 

higher value of x it lies below it. In the same way the branch of 

dv dp 

V X — =0 at larger volumes lies below — = only from x = 
dxp dv 

to X of the double point. This lower branch passes through the 

dp 
double point, and lies above — = with greater value of x. The 

dv 

two branches join as soon as there exists a ^>line, for which the 

tangent in the point of inflection is directed to the origin. If at 

dp 
minimum critical temperature the line — = possesses a splitting 

dv 

dv 
point, the curve r — ./• = is restricted to tlie left part, and is 

dxp 
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closed for smaller value of ^.r than that of the splitting |K)int. If, 
however, the region extends far to the right, then also the right part 

dp ^^^ r\ ' 1 

of — =0 can again contain a closed [lart of v — x —— = 0, with a 
dv d,Vp 

top at a certain value of .r, and the open side at ^' = 1. Also for 

regions lying entirely on the right side it remains of force that 

dv dp dp 

V — X — = lies within — = ; so that if — = no longer 

dasp dv dv 

dv 
extends over the entire width, v — x — cannot extend any longer 

dxp 

over the entire width either. 

If also in such middle region, and at the same time in a right 

dv 
region we examine the course of the locus v — x — , vv^here the 

dXfj 

potential lines are directed horizontally, we see when consulting 

figs. 5 and 6 that the locus mentioned remains restricted to smaller 

dp 
volumes than those of the line — = so long as the curve 

dxo 

— = does not exist, or if it does, for all points outside this curve. 
dx^ 

dp iP-^f 

If — = cuts the curve — = 0, the locus mentioned passes 

dx^j dx* 

d'lf? dv 

through these points of intersection. Within — =0 the line i; — x — 

dx^ dxq 

dp 
lies at larger volumes than those of — = 0. But then no intersection 

dxo 
dv dv 

of V — X — = and v — x — = inter se is to be expected. Hence 
dxq dxp 

there is no question of a loop-potential line. The result would have 

been perfectly different, if we had also examined the course of 3/, fi,. 

But this may be considered superfluous, now that we know the 

course of the g^-lines, so of J/, fx, — M^ ii^ and of M^ (x^. This by no 

means exhausts the properties of the course of the potential lines, 

but as we are not going to avail ourselves of this third group of 

lines for the determination of the binodal line, I think that it will 

suffice to mention the above properties. 

For the determination of the course of the binodal line we shall 
make use of the equation of p. 57, viz. : 

d 3/j 11^=1 v dp — X dq. 

But first some preliminary remarks. Among all the lines to be discussed 
in a theory of mixtures the isobars and the binodal lines are to be 
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considered as the most important ones, because they can be the 
subject of experimental investigation. Though it is necessary for a 
clear insight that for a simple substance we know that below certain 
temperature the isotherm possesses unstable parts, and that we can 
indicate the limits of these unstable parts, yet the determination of 
the points of coexisting equilibrium is of the greatest importance 
for the experiment. In the same way it is, indeed necessary for a 
clear insight into a binary mixture that the existence of the unstable 
phases and their limits are known, so the spinodal curve; but 
the knowledge of the binodal line is of still more importance, and 
to determine the latter must be taken as the final end of all con- 
siderations, because it can constitute the subject of experimental 
investigation, and the results derived from our considerations can 
only be tested by experience in so far as they refer to the binodal 
line. If we are to admit an exception to this rule, this applies to 
the plaiipoints to whose existence could be concluded without an 
examination of the binodal curve being necessary. But moreover, it 
deserves attention that not even the whole of the binodal line can 
be realised by the experiment. The binodal line can possess portions 
lying in the unstable region, and others which are metastable. This 
has already been observed in the Theorie Moleculaire (Cont. p. 14), 
but appears in an ampler and more complete measure from the 
diagrams occurring in These Proc. March and June 1905. At the 
same time it appears there how very complicated the binodal line 
can be, when the spinodal curve hardly deviates from the usual 
shape. Hence if the more or less complexity of aplait is to bejudged 
according to its spinodal curve or according to its binodal curve, a 
very different opinion will be arrived at. 

Thus paying attention to the properties of the binodal curve I 
have been able to speak of a main plait and a branch plait in 
the last cited paper. In the same way, regarding only the binodal 
line and its nodal lines, we may speak of a transverse plait and a 
longitudinal plait, whereas, regarding only the spinodal curve, we 
shall have to consider these two as one single plait. However, to 
prevent confusion, it is desirable to follow one and the same termi- 
nology. At the moment it seems most desirable to me to consider 
particularly the spinodal curve when choosing the name, leaving 
that part out of account that may also sometimes exist, but which 
then encloses the concave-concave part of the tp-surface. If no plait- 
point exists on the spinodal curve, or only one and then a reali- 
sable one, such a plait might be called a normal one. If besides 
there are a couple of heterogeneous plaitpoints found, we 
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might speak of an abnormal, or as I did in preceding pages of this 

communication, of a complex plait. If the spinodal curv6 has split 

Tip at certain value of T, which niay take place in consequence of 

dp 
the curve - = having split up, there are two plaits, one of which 
dv 

might be called the right plait, and the other the left plait. If it 

has split up in consequence of a separation between the curves 

- z=: and = 0, we might distinguish the two plaits bv the names 

dv diC^ 

^'transverse |)lait and longitudinal plait". Every time that the sepa- 
I'ation into two plaits takes place, two homogeneous plaitpoints make 
their appearance. With transition of a normal plait to a complex one 
a couple of Iteterogeneoiis plaitpoints appear. If then we wish to 
pay attention to properties of the binodal curve, other names might 
be thought desirable, but then it would be advisable to state dis- 
tinctly that this is done to call attention to the special shape of the 
binodal line. 

The equation d MjJii = v dp — vdq simplifies for a simple substance 
to dA/^(i^ = vdi), and may be considered in this form to lead to the 
construction for the point of coexistence. This construction can be 
carried out directly if as axes a /)-axis and a Mjx^-axis is chosen, 
in which case we get a curve intersecting itself (Cont. II p. 4 tig. 1), 
or we can choose as axes a 7?-axis and a />-axis, and apply the 
kiw of Maxwei.l. In the latter case we think (/ J/ifi^ = v dp writ- 
ten in the form : d Af^n^ = d{[)v) — pdv, the integral of which is 

h 

{M^ix^)h — (At^ii^)a = i:pi')b — {pv)a — I P^t'- For coexistence we must 

a 

have (iVifii)^ = (Mifii)a, and pa = po= pcoejcy ^o that we get: 

Vb 
Pc{vb—Va)=Z I pdv . 

For a binary mixture we get for the determination of coexistence, 
so for the determination of the points of the binodal curve, the same 
simple equation ; 

dM^Hi z=z vdp^ 

when following the series of points for which dq = and so a 
g'-line, in the execution of the construction. 

Let us assume that we wish to apply Maxwkij/s law. Then fol- 
lowing a (/-line, we draw the value of ^; at every value of v, and 
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seek how many times a straight line may be drawn parallel to the 

6 

t7-axis, so that p{vf, — Va) = I pdv. If this can take place only once, 

a 

the extremities of this straight line indicate the value of v of the 
phases coexisting with each other, and the distance of this straight 
line above the v-axis the value of the pressure for this pair of coexist- 
ing phases, and the chosen ^-line cuts then no other branches of 
the binodal line. This may take place several times, when the chosen 
qAine passes 4 times through the binodal curve, or when there are 
6 points of the binodal curve on the chosen y-line. To ascertain 
whether this can take place times, or 1, 2 or more times, we have 
to pay attention in the first and foremost place whether or not the 
chosen g-line intei-sects the spinodal curve, and if it does, how many 
times. For every time when a q-line cuts the spinodal curve, there 
is either maximum pressure or minimum pressure for the points of 
this gr-line. In the points of the spinodal curve a ^^-line touches the 
chosen g-line, and one and the same p-line, having either larger or 
smaller value than the p-line which touches, will pass through two 
points lying on either side of the spinodal line. Thus in fig. 7 (p. 738) 
there is maximum pressure in point 4 of the q^-line, and minimum 
pressure in point 2, but for larger volume than that of point 4 the 
pressure is always smaller than in 4, and the smaller as t; is larger, 
and in points of the same q-line in which v is smaller, the pressure 
is always larger than in 2, and the larger as we follow the q^-line 
to its initial point, where p == oo. If we now construe p as function 
of V, the ^-line has a shape similar to that of an ordinary isotherm. 
For t; := 00 , fi := 0, there is a maximum and a minimum pressure, 
and for v = b, p := oo. Maxwell's rule may then be applied, but 
only once. 

So this 2i-line will possess two points of the binodal curve. In 
fig. 7 this will be the case for every g-line. For the line g = oo, or 
for the first substance we find the coexisting phases of that substance, 
and for q = — oo or for the second substance, the coexisting phases 
of the second substance. If starting from a certain point of the v,X' 
diagram we draw both the p-curves as function of t;, viz. thep-curve 
when we follow the q-line which passes through the chosen point, 
and the p-enrve when we remain at constant value of x, then the 
2"^ curve has always greater value of p than the first for all values 
of V smaller than that of the point chosen. Thus in fig. 7 the pressure 
in a point lying more to the left to which the ^r-line moves is smaller 
than is the case for constant value of a; at the same value of v. 

5 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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Now let the point from which we start be the point of the binodal 
curve lying on the vapour side. Then, if we apply Maxwell's rule 
to the tw^o curves, it follows from the circumstance that p is always 
larger for the curve at constant .v, in the first place that Maxwell's 
line for this />-curve lies higher than that for the p-curve when we 
follow the ^r-line, and in the second place that on the vapour side 
the binodal curve for given x always lies at larger volumes than 
the vapour volumes would be when every mixture was to be con- 
sidered as homogeneous. In the same way on the liquid side at 

smaller volumes. Just as the binodal line lies outside the line 

dp 

— r= 0, the binodal line lies outside the phases which would coexist 

dv 

if every mixture should behave as a simple substance. Properties 
which also immediately follow^ from the ifvsurface. 

In fig. 76 only g^-lines of lower degree intersect the spinodal 
curve. The gr-line of the highest degree which still has points in 
common with the spinodal curve, which points are coinciding points 
is that passing through the plaitpoint. When we follow this ^-line 
maximum and minimum pressure will have coincided, and drawing 
p as function of v, we get a line which has an horizontal tangent 
in the plaitpoint, and at the same time a point of inflection, just 
as an ordinary isotherm in the critical point. This is a remark 
which always holds for a plaifpoint, also for a hidden plaitpoint; 

but then the special point in the p-line where \j-] ^^^ ( 7T ) *® 

equal to 0, lies on the unstable branch. There is a third possibility 

for the situation of this special point, viz. that it lies on what we 

might call the liquid branch of the p-line, as will presently appear. 

Let us now consider the case of fig. 8, and let us choose there 

a q-\\f\Q which intersects the spinodal curve 4 times, as is the case 

with one of the g^-lines drawn. If starting at large volume we 

follow this g^-line, we meet, still at large volume, the spinodal line 

in a point where p has a maximum value; in the second point 

where the y-line leaves the unstable region for the first time, there 

is maximum pressure. In the third point where this gr-Hne enters 

the unstable region again, there is again maximum pressure, and in 

the fourth point when the unstable region is finally left there is 

again minimum pressure. Now to draw p properly as function of 

fdp\ 
Vy we must know the value of ( t" I • Now: 



/dp\ dp /^dai\ 
\dvj(f dajjf \dvjq 



dp 



dvx ' 
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which equation may be written in the following form: 

\dadvj 



rdp\ _ dv* dx^ 
\dv)- 



d^ 



From this form we see that ( t- ) is positive in the unstable region 

only when — - is positive. If — - is negative, then ( — I is agam 
negative in the unstable region, and when the g'-line intersects the 
curve --— = 0, | -^ 1 = od. In fie. 16 the course of p as function 
of V when this gr-line is followed, has been schematically represented. 

P 




Fig. 16. 

Now we have to examine how many points of the binodal line 
lie on this g-line. For this discussion I shall represent the branch 
right of point 1 by a; the branch between 1 and 2 be then the 
6-branch etc. The number of times that Maxwell's rule can now 
be applied, is equal to the number of combinations in two of 4 
quantities. Thus branch a could be combined, not with branch 6, 
but with branches c, d and e. The branch h may be found combined 
with d and e. And finally branch c with e. We do not mean to 
say that the application in those 6 cases is always actually feasible. 
This will be discussed presently when we discuss other g-lines. But 
for the j-line chosen here, it is really possible to trace those 6 
Maxwell lines. And then this g^-line must cut the binodal curve 
12 times. These 12 points of intersection are to be found in fig. 17. 
In this figure the (/-line has the shape of fig. 8. It intersects the 
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spinodal curve, which has also been drawn in this figure, four 
times. It has a maximum and minimum volume. Between the 

points of largest and smallest volume the locus — - = must be 

da 

thought. 




Fig. 17. 

In this fig. 17 the binodal line has further been drawn, and 
on account of its intricate shape, it has been several times indicated 
by the sign bin. We may consider this binodal curve as consisting 
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of two separate parts. First that part that we might call vapour- 
liquid binodal curve. The liquid branch of this part has a regular 
course, but the vapour line branch has the well-known shape' with 
two cusps. The nodal line belonging to the cusp y, has its other 
extremity in the point y, where the liquid branch of this binodal iine 
passes through the spinodal curve. In the same way the two points 
indicated by d belong together as extremities of one same nodal line. 
The remaining part of the binodal curve forms a curve closed in 
itself. For this part of the binodal curve the two heterogeneous 
plaitpoints P^ and P, are in the first place of importance- The points 
on the right and on the left of P, He in the stable region, the points 
on either side of P, in the unstable region. If we continue the branch 
on the right of P^, and pass through the spinodal curve in the point 
a, then to this point as an extremity of a nodal line belongs another 
point a as the other extremity of this nodal line, and there must 
again be a cusp for the binodal curve for this second point «. In 
this second point a the binodal curve returns again to higher value 
of Xy and if it then meets the spinodal curve in the point indicated 
by /J, another point ^ belongs to this, at which the right branch has 
a cusp. From this point the remaining part of the binodal curve 
has only points in the unstable region, and the points lying between 
the two points ^ are extremities of nodal lines which approach each 
other and coincide in P,. 

To find the 12 points in which this g'-line cuts the binodal curve, 
let us apply Maxwell's rule to that portion of the jo-figure with the 
branches a, b and c, and determine the points denoted by 1. Let 
us also add the branch d, then the equality between the areas above 
and below the straight line would be disturbed, if the same straight 
line is retained, i. e. in this sense that the total amount of the areas 
above the straight line would be too large. From this follows that 
we must trace the straight line higher. For the points of the binodal 
curve which are determined by the combination of a with d, the 
pressure is, therefore, larger, while, as the figure shows, the volumes 
are both smaller than those of the corresponding points 1. The points 
determined by this combination have been indicated by 3. If we 
now also add the branch e, the pressure must again decrease. Then 
we determine the points denoted by 2. It will presently appear that 
the pressure in 2, though it is diminished, is still larger than in 
the points J . By means of the combination of b with c/, both branches 
in the unstable region, we determine the points 4 ; and after addition 
of the branch e the points 5, which must have lower pressure than 
the points 4. Finally the combination of c with e remains. Now 
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the situation of the j-line which we have chosen, is such, that the 
branch c remaijis on the right of the points of three-phase-pressure. 
Front this ensues that if we have construed the /?-line in fig. 16 
correctly, the application of Maxwell's rule to the combination (c, e) 
must yield a larger pressure for the points 6 than for the points 1 ; 
but it also follows from this that the pressure for the points 2 
(combination of a, e) lies between p^ and p, — and so p, >Pi- 
But not all these 12 points are realisable. Every time an unstable 
branch occurs in the combination the nodes determined by this 
combination are not to be realised. So the points 3 (combination 
a, rf), the points 4 (combination 6, rf), and the points 5 (combination 
by e) are not to be realised under any circumstances. Thus already 
6 of the 12 points are excluded as belonging to unstable coexisting 
equilibria. Of the remaining 6 points 2 more are excluded, if meta- 
stable states are set aside. So summarising we determine the following 
points by means of the combination put by the side of it: 

combination 
. a, c . 
. a, e . 
. a, d . 

. 6, e . 



points 

1 . 

2 . 

3 . 

4 , 

5 . 

6 . 



c, e 



stable 

metastable 

unstable 

unstable 

unstable 

stable 



To construe all the points of the binodal curve we should have 
to treat all the y-lines in a similar way. For the first component 
(gr = — od) the p-Iine is the ordinary isotherm, in the same way for 
the second component (g = -f" ^) ^^^ isotherm for this component. 
So with increase of the value of q such a gradual change of the 
gr-line must take place that it passes from the first shape to the second. 
With very large volume these extreme shapes may be considered to 
coincide. This is also the case with all intermediate forms. The modi- 
fication remains chiefly restricted to the smaller volumes, and in the 
case of bi = b^ such a conclusion would be admissible also for the 
exceedingly small volumes. So long as the g-line (see fig. 4 and fig. 8) 
is still of so low a degree that it does not even pass through the 

lowest point of - — = 0, the ©-line has still the usual shape of an 

isotherm. Not before the oAine touches — = 0, does a special point 

dm* 

make its appearance in the unstable branch. For this point of contact 
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(— ) = OD, but I — I still remains positive on the left and on the 
dvjg \dvjg 



rf't^ 



With somewhat higher degree of 7, — ^ = is 



right of that point. 

intersected twice, and two points may be pointed out in the />line 
in the unstable bmnch where it is directed vertically. Between these 

2 points (— J is negative. But then too the />line has but 3 branches, 



and so Maxwell's rule can only be applied once ; then we find only 
two points of the binodal curve, viz. a point indicating a liquid 
volume lying in the left side of the figure, and a point indicating a 
vapour volume, lying much more to the right side, but still remaining 
sufliciently on the left of the double point of Ihe vapour binodal 
curve. Then the g^-line cuts the binodal curve in no other points on 
the vapour side. If the value of g rises higher, a third special point 
appears again on the unstable branch of the p-line, i. e. when the 
g-line begins to have 4 points of intersection in common with the 
spinodal curve. This will be the case when it passes through the 
hidden plaitpoint P, (see fig. 17). Then it touches the spinodal curve, 

but in such a way that j — - J has the reversed sign 

The rule that in a plaitpoint the />-line and the gr-line envelop the 
plait is, accordingly, restricted to the realisable plaitpoints. It must 
run exactly the other way about for hidden plaitpoints. So there 



In this third special point of the unstable branch of the p-curve 









has the reversed sign 






""" "' (SL 




Fig. 18. 
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( — I =0, and also ( - J =0, and then the /i-curve has the shape 

of fig. 18. 

For (/ above this value the spinodal curve is cut in 4 points. The 
two new points of intersection lie then on the left and on the right 
of 7\, and at the beginning in the neigljbourhood of this point. Then 
a portion lying in the stable region has been added to the ^f-line, 
from which we derive that p is smaller in the point of intersection 
lying on the right than that lying on the left. Not until now has 
the />-line the shape of fig. 16, but the branch c is still very small 
then, and the pressure of point 3 of this figure only little higher 
than of point 2, From this moment there could be question of the 
application of Maxwell's rule to the 5 branches a, h, c, d and e, 
and so of the determination of the 12 points of the binodal curve. 
But at the beginning not all these 12 points are real. The application 
for the combination of the first and the last branch is certainly 
feasible, and it yields a couple of realisable points for the binodal 
curve, and in contradiction with our result when we treated this 
combination for the gr-line in fig. 17, the points defined in this way 
are not metastable but stable. No less is the application possible for 
the combination (6, (t), and the two points determined then lie in the 
unstable region, and can be represented by the points 4 of fig. 17, 
provided they are shifted nearer the point I\. The rule cannot be 
applied to the remaining 4 combinations. For the possibility of the 
application to the combinations {a, c) it is required that the Jength 
of branch c be such that the pressure of point 3 (fig. 19) be at least 




Fig. 19. 

positive; and even this is not sufficient. If, namely, we have from 
point 3 a line // i?-axis, and if then the area between the branches 
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h and c and this line parallel to the 2;-axis is smaller than the area 
between the branches a and b above this parallel line, Maxwell's 
line would have to lie higher, and hence is not possible. A fortiori 
the combination (n, rf), which would require a still higher value of 
the pressure of Maxwell's line, will be excluded. For similar reasons 
the combinations [b, e) and (c, e) must be rejected. Prom this follows 
that the qAme which is of somewhat higher degree than that passing 
through P, must remain on the left side before the point «offig. 1, 
and on the right side of the ridge of the vapour branch of the 
binodal line. If we continue to raise the value of g, the possibility 
of the combinations (a, c) and (a, </), begin simultaneously, i. e. when 
the pressure of the point 3, which may be considered as the top oi 
c and dy has risen so high that the Maxwell line for the combination 
(a, c) would just go through point 3. In the same way the possi- 
bility for the combinations (6, e) and (c, e) begins at the same time, 
i. e. when the pressure of point 2, which is the lowest point of the 
branches b and c, has descended so low, that the Maxwell line for 
the branches c and e would just pass through point 2, If all these 
possibilities exist, the twelve points can be pointed out on the g-line. 
Which of these two simultaneously beginning possibilities presents 
itself first oh rise of the degree of the g^-line, will probably not be 
bound to a general rule. If we now follow such a g-line, beginning 
at small volume on the left side of fig. 17, we first meet point 2 
on the binodal curve, which proceeds regularly from left to right 
on the liquid side; then 6 and 5 follow before we pass through the 
spinodal curve. When the g^-line rises again, we meet 4 and 3, 
which have then to lie more to the right than on the g-line, for 
which fig. 17 has been drawn. When the g-line again descends we 
first meet point I, then 6, afterwards 5 and 4, and at last on the 
vapour side the points 3, 1 and 2 in this succession. But of all 
these points only the points 2 are stable. The points 1 and 6 are 
metastable. The others are unstable. And on further rise of g we 
reach that special g-line which is to be considered as the principal 
one for the phenomena of coexistence, and which, with three-phase- 
equilibrium, passes through the three coexisting phases. This co- 
existence of three phases is met with when (see fig. 16) the Maxwell 
line for the combination (a, c) is the continuation of the line for the 
combination (c, e). At the same time this line is also the Maxwell line 
for the combination (a, e). Then the points 1 and 2 or 2 and 1 coincide 
on the vapour side. On the liquid side on the left the points 2 and 6 
or 6 and 2 coincide, on the right on the liquid side the points 1 
and 6 or 6 and 1. The points 3, 4 and 5 have remained; of them 
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3 and 4 are unstable coexisting equilibrium, and 5 is metastable. 
In this case of three phase pressure the second component occurs 
in the vapour in a greater measure than in the two liquids, in con- 
nection with the circumstances which give rise to this figure, viz. 
that the second component has higher value of b and lower 7\ than 
the first. In fig. 3 Cont. II, p. 11 the course of the pressure is 
represented for the vapour-liquid binodal curve for this case. 

With continued rise of the degree of q the p-curve, which entirely 
deviates from the shape of a simple isotherm for the last chosen 
values of g, must return to such a simple shape without abrupt 
changes. Thus the existence of 5 branches ceases when the g-line 
passes through P^. The branches c, d and e have then decreasing 
pressure with increasing volume. Only there is then a point where 
dp dPp 

— and is equal to on this descending branch. But with still 

dvq dv^q 

higher value of q also this particularity has vanished, and we ap- 
proach to the usual shape of an isotherm. Already beforehand the g-line 

d*tp 
which above touches — - = 0, was not found to run back to lai^er 

die 

volumes in the unstable branch d ^). 

If we increase the temperature to Tk^ a new plaitpoint P, makes 
its appearance at x = l and v = (t;jk),. With further increase of the 
temperature the characters of the two realisable plaitpoints P^ and 
P, begin to approach to each other. In fig. 17 the closed binodal 
curve belongs to P^. Above a certain temperature, which I called 
transformation temperature (These Proc. March 1905), this closed 
binodal curve passes to P,. At this transformation temperature the 

pairs of points /? and y have coincided on the spinodal curve in 

d'v 
fig. 17, and two branches of the binodal curve touch, and — 

da* 

is the same for these two branches. But for further particulars I 
refer to the already frequently cited communication. We must only 
bear in mind that in the case treated here Tk^ <^ Tjc^ , whereas in 
the figure which I gave before for this transformation it was assumed 
that Tic^y>Tk^^ Regarding the properties of the binodal curve we 
may then speak of a principal plait and of a branch plait. At much 
higher T, P, and P, have coincided, and the binodal curve has 
become a normal simple line. [To be continued). 

I) Strictly speaking the change of the pAine with increasing value of q is not 
a moving av^ay from and then a return to the shape of an isotherm. It must be 
regarded as a progressive development, which proceeds in the same sense. To the 
last g-line belongs then also the infinitely large pressure along the line v = b. 
This portion is. however, not necessary for the description of the binodal curve, 
at least when the plaitpoint Pi exists. 
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Geology. — "Ow ore veins in the province of Limburg". By Prof. 

A. WiCHMANN. 

(Communicated in the meeting of March 30, 1907.) 

In the spring of 1856 the ex-colonel of the Dutch East-Indian 
Army P. van Swietbn, at the Hague, founded a "Mining Society for 
the Netherlands" ^), which obtained the concession for the mining field 
"Marie" in the southernmost part of the province of Limbnrg •), in 
order to search for coal. After the first borings at Epen and Simpel- 
veld had remained unsuccessful, the hamlet of Bommerig'), community 
of Wittem, was taken, where on Oct. 11, 1856, a lode of ore was 
discovered of 0,80 meter thickness, at a depth of 56,20 M. and 
consisting chiefly of quartz and galena. Although it was suspected 
at once that this lode communicated with the one worked at Bleiberg 
in Belgium, situated to the SSE., yet the working of this lode was not 
taken in hand because of the great expense, involved in sinking a shaft. 
After this the Society continued its investigations in other parts of 
the mining field with insufficient results until it was dissolved after 
the available funds had been exhausted. 

It has been known for a long time that the devonian and carboni- 
ferous strata in the environs of Aachen (Aix-la-Chapelle), extending 
mainly from the North-east to the South-west, are cleaved by faults 
directed almost perpendicularly to them and which appeared to be 
of great importance for the formation of ores *). These masses of 
ores were found sparingly in the devonian system, mostly in those, 
belonging to the carboniferous limestone and only once — it was 
thought — in those of the coal-measures, namely at Bleiberg. 



I) Nieuwe Rotterdamsche Gourant, Thursday, May 22, 1856, N^ 140. The 
foundation act dates from June 11, 1856 (Dutch State Gazette, Thursday, July 10, 
1856 NO. 162). 

^ Situated a little over a kilometer to the North-east of Epen and 2 kilometers 
south of Mechelen. 

») Nieuwe Rotterdamsche Gourant, Thursday, October 16, 1856; N^ 286. 
P. VAN SwiETEN. Rapport sur les operations de la Soci6te de Tunion minerale 
pour la N6erlande de 1856 k 1857. Annales des Travaux publ. de fielgique XVI. 

Bruxelles 1857-58 p. 266—267 PI. V. 

^) C. Damtz. Der Kohlenkalk in der Umgebung von Aachen. Zeitschr. d. D. geolog. 
Gesellsch. XLV. 1893 p. 599—688, Taf. 26. W. Schulz. Fuhrer des Berg- und Hatten- 
Ingenieurs durch die Umgegend von Aachen. Aachen 1886, p. 37—41 m. Karte. 
G. D. Uylenbrogk. Le sud-est du Limbourg n^erlandais. Annales de la Soc. 
geolog. de Belgique XXXII. Li6ge 1904-05. M. pag. 151-104., PL V. 

G. DfiWALQUE. Essai de carte tectonique 1. c. PI. IV. 
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On (he most important fault — called by Uijlenbroek the "Geul 
Valley fault" — lie the mines Fossey, near Hergenraed (Rhenish 
Prussia), Moresnet (neutral territory) and Bleiberg (Belgium). Excepting 
the contact seams, containing calamine, the ores are galena, being 
the oldest formation as usual, zinc-blende and pyrites. The vein, 
found at Bommerig more than 50 years ago in the lowest stratum 
of the productive carbon, shows that from the south-east to the 
north-west the ores seek more and more the yotmger strata ^) and 
that the direction of the Geul valley fault begins to deviate more 
towards the north-north-west after Bleiberg. 

For years numerous borings were made in a more northern 
part of Limburg, which led to the sinking and working of some 
coal-pits. In December 1905 Mr. L. Rutten at Utrecht found on 
the dump of the mine ^^Oarl"*) some pieces of ore which he presented 
to the Minemlogical-Geological Institute at Utrecht. Further investi- 
gations, undertaken by him, showed that these ores originated from 
a vein, met when sinking the shaft, at a depth of 278 metres, but 
of which the dip and direction had not been determined. Ha 
succeeded in securing a number of pieces, belonging to private 
people. The vein has only a thickness of 0.20 M. On the clay- 
containing salband pyrites has deposited, while the vein mass proper 
consists of calcite, developed in the cavities in the form of crystals, 
on which sometimes also crystals of pyrites are found. Beside this 
vein ores were also found, likewise on joints of the sandstone 
of the mine "Carl", namely pyrites, but also zinc-blende, copper, 
P3'rites, and galena. Moreover crystals of calcite are always found 
and generally dolomite. 

In the mine Oranje-Nassau, near Heerlen, similar formations seem 
to occur, at any rate crystals of calcite, covered with pyrites, are 
found here on joints. Peculiar is here the regular coalescence, 
caused by the small cubes of pyrites accumulating at the poles, then 
continuing themselves on the obtuse edges of the scalenohedra and 
here gradually disappearing. 

We finally point out that while in the Stolberg district the veins 
of galena, pyrites, zinc-blende, and calcite are siill mostly bound to 
the carboniferous limestone these minerals occur in the more western 
Worm district on joints of the carboniferous sandstone, which is 
a more recent horizon, a phenomenon which repeats itself at Heerlen. 



1) At Eupen they still occur in the devonian system. 
*) Situated at IVa kilometers east of Heerlen. 
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Physiology. — ^'Nerve influence on tlie action of the Iieart. First 
communication. Genesis of the alternating pulse'' By Dr. L. 
J. J, MusKENs. (Communicated by Prof. H. Zwaardemaker). 

(Communicated in the meeting of April 26, 1907). 

Whereas in 1897 *) the writer has shown, that in the "pulsus 
regulariter intermittens" of the frog we have to see a result of 
slowed conduction between sinus and auricle '), or between auricle 
and ventricle, which was later accepted by Wenckebach') and recently 
proved by Mackenzie*) for man, the problem of the pulsus alternans 
did not profit by the application of physiology on the diseased heart. 
It is true, that already years ago Traube directed the attention on 
those types of P. A. in which the period between the weak beat, 
and the next stronger one is smaller than between the larger and 
the smaller contraction, where i. o. w. the greater contraction com- 
mences too early. But until now only Oehrwall '), W. Straub •) and 
Trendelenburg ^) have gone into the anaij^sis of allied heart-curves 
of the frog, following up the way which had led to the elucidation 
of the intermittent pulse. 

It is clear, that for this analysis we must not join those observers, 
who think that the explanation of the P. A. by inotropic influence 
amounts to something more than a simple periphrase of the fact, 
that every other pulse is weaker. For this misconception brings 
with it the additional drawback, that it cuts off the way for all 
further analysis. 

In the alternating contraction of the ventricle we have to do not 
with a simple pathological phenomenon but rather with a general 
physiological function that makes its appearance in many circum- 
stances, which tends to appear as well in vertebrate as invertebrate 
animals under uncommon conditions. We have here to deal with 
a capacity of the cardiac muscle which enables the ventricle to go 
on with rhythmical contractions even under those abnormal conditions. 

Digitalis dyalisata, injected subcutaneously in the frog, brings 
about after some time peculiar changes in the heart-beat, after a 



1) Geneesk. Bladen. 1897. 4e Reeks. Bo. 4. p. 77. 

«) American Journal of Physiology. Vol. I. 1898 p. 509. 

') Wencxebach. Nederl. Tijdschr. v. Geneesk. 1899. I. Biz. 666. 

^) Mackenzie. Britisch. Medical Journal. 24 October 1906. 

5) Oehbwall. Skandinavisches Arch. f. Physiologie. Bd. 8. 1898. 

^) Straub. Arch. f. experimentelle Pathologic u. Pharmakologie. B. 45. 

7) Trendelenburg. Arch. f. Physiologie. (Anat. u. Physiol.) 1903. p. 284. 



Digitized by 



Google 



( 79 ) ' 

certain period of normal contractions. In the transition of the normal 
period into the period of slow contractions, regularly curves are 
recorded, which together with curves formerly published of the living 
frog-heart (loc. cit.) throw light, on one of the, at least four 
varieties of P. A. which in ray opinion must be distinguished, at 
least in the physio-pathology of the frog-heart. As to the three 
other types of P. A. I think, that the way may become clear to 
explain them equally. 

First form of P, A, loith equal intervals. 

The ventricle beats in regular rhythmus alternatingly stronger and 
weaker, the beginning of the weak contraction is separated by the 
same length of time from the preceding and following contraction 
(fig. 1). This variety was described by Engelmann *) and ascribed to 
momentaneously diminished conductivity. P. B. Hofmann') hasshown, 
that this form of P. A. is often dependent on slight changes of the 
frequency of the heart-beat. Straub proved, that this P. A. under 
influence of antiarine easily gives way to "Puls-halbirung", which I 
often saw under influence of digitalis dyalisata. 

Second frn^i of P. A, with retarded s^nall contraction. 

In a former publication'; I described an exampleof P. A. observed 
in the dying frog-heart, where the interval between the greater and 
smaller F, was longer than between the smaller and larger con- 
traction. There it appeared, that the auricle continued to beat regu- 
larly. By comparing the intervals A — F, preceding the greater and 
smaller contractions, we concluded then, that the conlractionwave in 
the A — V bundle, eventually in the ventricle itself, might be slowed, 
which was the cause that the Vg not only came too late, but was 
also weaker. 

The supposition, that this P. A. in certain cases might depend on 
changes of conductivity within the ventricle, had right of discussion, 
although this could not be strictly proved, as is remarked by 
Wenckebach. For one can never with certainty conclude to a change 
of conductivity within a heart cavity (e. g. within V) if the interval 
between the contractions of two cavities (e. g. A — V) remained equal. 
But with the same certainty this meritorious observer is mistaken, 
when he, from the few curves (10a and 10ft) of Engelmann generalises 
to the contrary i. e. to the exclusion of a similar relation in other 



1) Emoelmann, Arch. f. d. ges. Physiologie. Bd. 62. 1896. p. 556 seq. 

«) Hofmann. Arch. f. d. ges. Physiologie. Bd. 84. 1900. p. 165. 

V L. J. J. MusKENs. Nederl. Tijdschr. v. Geneeskunde. 1902. No. II. Biz. 591. 
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eases. These curves cannot be looked upon as deciding in this point, 
because not there as in my cases, the auricle beass regularly, 
and tlierefore entirely dilFerent factors must be present, which has 
been overlooked by the writer. He appears to disregard, that in 
different lower animals, it was proved, that under influence of the 
vagus-nerve, at the same time the conductivity in one cavity can be 
improved, in otiiers can be inhibited, which was confirmed by 
Engklmann, wlien he ol)served, how on the three bridges, veins- 
sinus, sinus-auricle, auricle-ventricle, independently of each other, 
conductivity might be changed; suflicient to show, that only very 
direct proofs could force us to admit, that under pathological cir- 
cumstances this inde[)endence of conductivity in various parts should 
be lost. As well here, as also there, where Wknckrbach explains 
the early smaller contraction by the quicker coui-se of the weaker 
pulse-wave in the vessels, Wknckkhach's conclusions appear to be 
much exposed to discussion. Also his conclusion, that there is no 
principal, difference between P. A. >vith too early and retarded small 
contraction wave does not appear to be warranted by any well- 
known fact, certainly not by Wknckkbach's suppositions. Sufficient 
facts can be tidduced now, that here in different ways the same 
result can be arrived at. 

To my former curves of P. A. brought about by poor nutrition, 
I now can add similar curves of P. A. brought about by injection 
of digitalis dyalisata ((ig. 2). 

In this case the interval Si — Vs ean easily be determined. This 
amounts to 20.6; 22.3; 20.1). In every case this interval is lengthened 
where it precedes a smaller conlracMion ; i.e. the con traction- wave, 
which culminates in a smaller V^, found more resistance on its 
way from the sinus to the ventricle and there was an undoubtable 
slowing of the conduction. 

Looking carefully at the curve, one linds that the sinus contraction 
preceding a weak V^ sliows a llattcned top. By measuring the 
intervals of aSV.,. it becomes eiiually clear, that the sinus does uot 
contract regularly and that it is the sinus contraction that comes 
too early, that is followed by a smaller T^. Also the J j? preceding 
the weak Vs appears to be diminislie<l in size. 

Although it is not the place here, to go into detail about the new 
fact, that there exists a relation between the force of the sinus and 
auricular contraction and the force of the ultimate J",, I will only 
remark, that in many sinuilar experiments this relation was found. 
The question arises indeed, if in fac*t different parts of the three 
principal heart-cavities do maintain a special relationship in such a 
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way, that a completer sinus and auricular contraction tends to give 
rise to a completer ventricular contraction. If so, the next problem 
appears to be, whether this relation is kept up by special muscular 
arrangements or else whether nervous and ganglionic influence may 
play a rdle in it. 

Third Form of PA, with retarded svialler contraction. 

Figure 3 is an example, where we find moreover reappearance of 
normal pulsation. Simple inspection of the pulsating heart made already 
the impression, that we had to deal with an antiperistaltic contrac- 
tion; that the contraction-wave reaching the ventricle from the auricle, 
returned again to the auricle. Brandenburg *), also Pan "), Bering '), 
VoLHARD *), and Schmoll *) have observed antiperistaltic contraction, 
after the writer had long ago shown*), that antiperistaltic contrac- 
tions are a very constant phenomenon in the sinus of the turtle-heart. 

In this case of fig. 3 we have to deal for the interpretation with 
2 possibilities, 1. we may have to do with a real extra-contraction 
of auricle and ventricle, which results only in a very small elevation 
of the lever, because of its appearing in the beginning of the diastole, 
the ventricle being in the refractory period; or secondly we have 
to do with an antiperistaltic contraction wave, which on account of 
insufficient restoration of conduction in the A — V bundle and the 
ventricular musculature, can only give rise to a weak F,. 

Indeed, the first supposition could not be discarded if it were to be 
admitted that spontaneously under similar conditions in the frog such an 
extra-^5, followed by a very weak Vg could occur; an extra-contrac- 
tion, which moreover was followed by an uncomplete compensatory 
pause. This conception is however hardly acceptable, if we take note 
of the systematical mode, in which this P. A., so to say, is prepared 
by the two abnormal contractions, which precede the very small F,. 
Because these changes in the two ventricular contractions occur 
regularly at least in so far, as in my curves I come across similar 
cases, I think, that the other interpretation gains considerably in 
probable correctness. This supposition is therefore as follows: Under 
influence of the drug the conducting power within the ventricle is 



V K. BRANDfsiBURa. Arch. f. Anat. u. Physiol. Abt. 1904. Supp. p. 216. 
^ 0. Paw. Deutsche Zeitschr. f. klin. Medizin. Bd. 78. 1903. p. 128. 
*) Heriwo. PflCger's Arch. Bd. 82. p. 1. 
♦) VoLHARD. Zeitschr. f. klin. Medizin. 1904. Bd. 53. p. 574. 
6) Schmoll. Arch. f. klin. Medizin. 1907. p. 507. 

«) Ned. Tijdschr. v. Geneesk. 1898. Deel II. Biz. 568 and Americ. Jnl. of Phy. 
fiology ; Vol. I. 1898. p. 504. 
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sensibly reduced. In the first only slightly weakened Vg only a 
part of the ventricular musculature could contract as a result of 
this disturbance of conduction. In the following contraction of the 
ventricle the wave spreads, however more slowly than in the 
normal cases (hence the stretched form of Vg) over the entire 
ventricular musculature. As the conduction of the contraction wave 
can take place after the modern doctrine of Gaskrll and Engelmann 
in all directions, the contraction wave in this case winds its way 
thi'ough this lengthened Vs to arrive antiperistaltjcally again at the 
auricle. After this only a part of the ventricular musculature has 
'regained its conducting power sufficiently and a weakened Vs will 
join the antiperistaltic As- It is clear, that on account of the 
antiperistaltic contraction the wave from A to V, to A again ; from A 
returning to another limited part of V; then again to Ay etc. will 
give rise to a pulsus alternans, in this case temporarily, wherebj' 
the interval between the commencement of the great contraction 
and that of the smaller one, is smaller than that between the 
small contraction and the greater contraction. One can among the 
dyalisata-experiments recognise these cases there, where after a 
maximal toxic dose the frequency first became considerably slower, 
but finally quicker again. Whereas in the vena cava curve previously 
the pulsations of the sinus were easily visible, one does not find 
any indication of sinus contraction after the premortal pulse accele- 
ration has set in. 

We find therefore here a form of cardiac activity, which shows 
the same particularities as the P. A. formerly described by the 
writer for the poorly nourished frog-heart (Loc. cit. 1902) of which 
however the mode of origin was quite a different one. 

The only objection, which can be adduced against this interpre- 
tation, is a theoretical one. Until now, it was looked upon as a 
dogma, that the unimpaired ventricular musculature under no cir- 
cumstances shows the phenomena of dissociation. This dissociation 
between the different heart cavities and in every one separately, was 
explicitly described by the writer in several publications^), especially 
regarding the sinus; its significance for our understanding of nerve 
influence on the heart, was nioi'e than once urged. Although in these 
experiments and those of Engklmann the occurrence of similar dis- 
sociations also of the unimpaired ventricle had to be acknowledged, 
the direct proof of its existence as far as I know, has never been 



1) Geneesk. bladen 1897. p. 75. Proceedings of the American Academy of Arts 
and Sciences 1898. Vol. XXXIll. No. 71. p. 188. Americ. Jnl. of Physiol. 1898. 
p. 503 seq. Ned. Tijdschr. v. Geneesk. 1898. Deel II. Biz. 572 and 1902 Deel II. 
Biz. 583. 
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proved. Where under influence of digitalis dyalisata the tendency 
of the cardiac muscle to dissociation, as we saw above, is accen- 
tuated, there we could expect that if we combine this influence 
with the equally dissociating vagus influence, the evidence of dis- 
sociation also in the ventricle might come out. Indeed, during the 
influence of the vagus nerve on such an intoxicated heart, I found 
a curve which is apt to illustrate this dissociation. We have here 
to deal with the transition of an alternating pulse into a normal one, 
after a direct vagus stimulation and shortly after the inundation of 
the entire heart by a physiological salt solution (In the ventricular 
curve this is visible). 

In ray mind there is no doubt, that the small elevation after the 
reduced ventricular contraction cannot be interpreted, either as an 
auricular contraction (because nowhere in this or other tracings an 
As of this considerable height was observed) nor as an ordinary 
extra-systole of the ventricle. In the latter case it could not be 
explained not only why here an extra systole arose, nor why the 
preceding ventricular contraction coming at the right time, was so 
exceedingly diminished in size. We have here undoubtedly to do with 
a dissociation in time of two parts of the ventricular musculature 
(eventually also of the "Reizleilungssystem") and only when after 
the pulsus altenians a not completely synchronic contraction of these 
parts has taken place, and the entire musculature comes again at the 
same time in the refractory period, normal contractions can follow. 
According to this interpretation the difference between the great and 
the small contractions of the preceding P. A. is to be ascribed to 
the fact, that only in the great contractions a particular part of the 
muscular mass is reached by the contraction wave; whereas this 
part of the muscle is excluded from the contraction in the small Vs. 

Fourth form of jP. A. mith retarded great contraction. 
Of this type of P. A. I cannot adduce any curve met with in 
lower animals. The only specimen I have come across, is registered 
from a case of Basedow, who suffered from an exceedingly rapid 
and at the same time irregular heartbeat. It appears to me that here 
we have to deal with an automaticaliy beating ventricle or better 
with a ventricle, in whom two divisions are beating independently, 
only every other Vs (the greater one) causing an antiperistaltic con- 
traction reaching the auricle. Comparable curves have been published 
by Mackensie \) and Wenckebach '), so that its occurrence in men can 

^) Mackensie, British medical Journal, 1905, III. Gomp. fig. 12 perhaps also fig. 5. 
«) Wenckebach, Arhythmie. 1903. P. 107. 
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be doubtlessly stated. In the tatter curves no registration of the 
jugular vein was added to the ventricular curve, so that I am not 
in the situation to suppose or deny for these curves the same origin 
as in my curve. 

All in ail it seems to me, that in these curves and their analysis 
we have important arguments, which tend to prove, that ft*om the 
physiological side more special research is needed r^arding the 
conduction within the individual divisions of the heart. For the first 
of the four described types of P. A. we have shown, that from 
physiological side the cause has to be sought in changed conductivity 
by which in the weak contractions, the contraction wave is limited 
to a part of V. For the second typeof P. A. we thought we were able 
to bring direct proofs, while it became probable for the third type 
of P. A., that they are resultsof the conduction between the sinus and 
the ventricle becoming slower; and for the third form of P. A. it 
appeared probable that the P. A. is the result of the antiperistaltic 
contraction wave, so that we had here not a quantitative, but a 
qualitative change in the conductivity. Regarding the fact which 
Trendelenburg stated, that by stimulating the ventricle artificially 
the frequency of the ventricular rhythm may become much greater 
if slowly the stimulation is quickened, before "Halbierung" of 
the heart-beat makes appearance, then if within a short period a 
great frequency is attained, it is equally to be interpreted as follows : 
that by slowly increasing frequency the conductivity is enabled 
to adapt itself to the great demands ; so that the moment is 
delayed where necessarily only partial contractions of the ventricle 
arise. Regarding the pathology, it appears to me that it is of 
importance for the knowledge of the pulsus trigeminus, discussed 
by Wenckebach, that from physiological side the^ importance of 
dissociation of the ventricle under certain circumstances as also 
the importance of the antiperistaltic contraction wave has been proved. 
With the statement that partial contractions do occur, it appears to 
me, that the necessity becomes evident, that the law of Bowditch 
has to be limited, in so far, that certainly every ventricular muscle 
fibre which contracts, does so with maximum force; but on the 
other hand, we have not to accept that necessarily in every ventri- 
cular contraction all muscular bundles contract equally. 

Where we have to interprete curves like those of Tschirjkw *) 
(cited by Wenckebach) of 0. Pan'), R. Finkelbnburg ") and Hay 

TscHiRJEw. Archiv fur Physiologic. 1877. 

2) 0. Pan. Deutsche Zeitschrift. f. klin. Medizin. Bd. 78. 1905, p. 128. 

') R. FiNKELEMBURQ. Cited by Wenckebach. 1905. Heft 1 and 2. p. 586. 
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and Moore *) we should not neglect the value of these phe- 
nomena. For the absence of tlie compensatory pause (Wknckkbach) 
finds in the above interpretation its complete explication. At the 
same time we can now regard Hkring's opinion, that all pulsus 
bigemini should always depend on extra systoles as definitively 
rejected. 

With FuNKB I agree finally in this that a further discussion 
about the question, whether apart from the pulsus alternans also the 
existence of a pulsus bigeminus must be acknowledged, is completely 
supeifluous. On the other hand it might be desirable, if the experi- 
mental results of Knoll and those of Hkring in warmblooded animals 
about hemisystolia and heart-trigemini, should be taken up again, 
also in regard to the recent anatomical data. 

Regarding these questions three recent researches must be 
regarded as important, firstly the observations of W. Einthovkn '), 
whose accurate illustrations also of partial contractions, appear to 
promise a good deal for further analysis. Moreover the important 
researches of Tawara ') in Aschhof's Laboratory, which has shown, 
how far the division of functiojis in the ventricle of the warm- and 
perhaps also of the cold-blooded animals has gone. 

Finally the observations of Mackenzie^) who has shown us the 
possibility, to get information also in man about the movement of the 
auricle under pathological circumstances, so that we may expect 
also this field of work becoming fertile for scientific analysis. 

The next thing should be, to bring also the sinus of man under the 
scope of the graphical method. Wenckebach *) thinks to have reason 
to believe, that dissociation of the sinus described by me in lower 
animals*) might be observed equally in men. 

To physiology the task to examine what infiuences are able 
to dissociate the two principal bundles of the ''Reizleitung" system 
and to get information about nerve inUuence as well regarding that 
system itself as upon the muscular mass of the ventricle. 



1) Hay and Moore. Lancet 1906. p. 1274. 

2) EiNTHOVEN. Tijdschr. v. Geneesk. II. No. 22. 
*) Tawara. Das Herzleitungssyslem. 1906. 

*) Mackenzie. Britisch medical Jnl. 190^2. Nov. p. 1411. 

^) Wenckebach. Arch. f. Physiologic. 1906. p. 361. 

«) American Journal of Physiology. Vol. I, 1898. No. IV. p. 503. 
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Zoology. — ^'On the structure of the nerve-cells in the central 
nervous system of Branchiostoma lanceolatum," (First comm.) 
By Dr. J. Bokke. (Communicated by Prof. G. C. J. Vosmaer). 

(Communicated in the meeting of April 26, 1907). 

The methods of staining the elements of the nervous system, 
published in recent years by Ramon y Cajal, Donaggio, and especially 
by BiELScHOWSKY, have enabled us to study the minute structure ot 
the ganglion-cells not only of the lower animals but also of the 
vertebrates with more success than before. After having published 
in These Proceedings, some years ago*), the results of my former 
investigations on the structure of the nerve-cells of Branchiostoma, 
then studied by means of the goldmethod of Apathy, it seemed ad- 
visable to describe here too the results of my recent investigations 
on the same subject by means of the methods mentioned above, 
because they extend and complete my former results in several 
directions. 

Contradictory to the results of Edinger '\ the only author who 
studied the central nervous system of amphioxus by means of the 
method of Bielschowsky, viz. that the method gave only scanty 
results for the neurofibrillae in the cells, in my preparations, stained 
after the method of Biet^chowsky — Pollack, in a great number of 
nerve-cells of several specimens of Branchiostoma a very clear and 
distinct picture was obtained of the neurofibrillae, not only in the 
nerve-fibres, but also in the body of the nerve-cells. 

Preparations of material preserved in a mixture of platinum chloride- 
osmic acid-acetic acid and corrosive sublimate '), and stained in thin 
sections with iron-haematoxylin after Heidenhain, were used as control 
and for the study of the protoplasmic structures between the neuro- 
fibrillae. 

The different cell-forms of the central nervous system gave there, 
where they were satisfactorily stained, as a rule the same mode of 
arrangement of the neurofibrillae in the cell-body; therefore I will 
restrict myself to describe here only some cell-forms at length and 
only refer briefly to the structure of other cells. At another place 
I hope soon to give more and fuller details. 



1) Proceedings Roy. Akad. of Sc. Amsterdam, of the meeting of Oct. 25, 1902. 

2) Anat. Anzeiger, Bd. 28, No. 17, 18, 24 April 1905. 

8) According to Dr. Legros the best method for the preservation of the nervous 
system of Branchiosloma. I can fully agree with him in this statement. This 
mixture gives better results than all the others 1 tried. 
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1. As is well known, the very large nerve-cells ("Kolossalzellen") 
lying at about equal distances from each other in the axis of the 
spinal cord, possess a thick axonic fibre, that after leaving the cell-body 
describes a characteristic curve and passes into one of the colossal 
nerve-fibres that run in a longitudinal direction through the spinal 
cord, and a number of dendrites, springing from the cell-body at 
difierenl points. 

Sections of these cells, stained after the method of Bielschowsky, 
give a very clear picture of the neurofibrillar structure. In a section 
in which only some of the dendrites are to be seen, and not the 
axonic fibre with its '*c6ne d'entrance" (of which more later on) 
these cells show an arrangement of the neurofibrillae as shown in 

fig. 1. 

The cell is surrounded by a glious capsule, compose<l of fine 
interwoven fibrillae. The preservation of the nervous system in for mol, 
necessary for the BiELSCHOWSKY-reaction, causes the cells to shrink a 
little, so that the pericellular cavity is larger than it is in normal 
life and in well-preserved specimens. Within the cell-body the 
neurofibrillae form a very distinct and regular network. Everywhere 
they anastomose with each other, nowhere I could discover free 
running fibres. The meshes are regular, round or manysided, and 
nearly all of about the same size. A subperipheral zone is formed, 
where the meshes are somewhat smaller and the composing neuro- 
fibrillae a little coarser. From this zone a few coarse neurofibrillae may 
be followed in the network radiating to the central zone around the 
nucleus. The nucleus itself is not coloured in these preparations, but 
is only to be seen as a clear round or oval spot in the midst of the 
darkly stained network of the neurofibrillae. There where a dendrite 
leaves the cell-body, the meshes of the network are elongated in the 
direction of the processus (fig. i , 46, 6). In the dendrites themselves, 
at least in the coarser ones, the anastomosing of the neurofibrillae 
is to be seen still at some distance from the cell-body. In fig. 1 is 
drawn a section of 7 jli thick. In three of the following sections, 
passing through the dendrites, whose origin is shown in fig. 1, I 
could still see the anastomosing of the composing neurofibrillae. In 
fig. 2 is drawn one of the large dendrites of a similar colossal cell 
there where it branches into two. The network of the neurofibrillae, 
several coarser (and more darkly stained) fibrillae, and the continuity 
of the network in both branches is clearly to be seen. In the finer 
dendrites the neurofibrillae seem to become isolated sooner after 
having left the cell-body (tig. 1 at b). The same is to be seen in the 
smaller nerve-cells of the spinal cord (figs. 4tb, 6). 
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The axon of the colossal nerve-cells has a somewhat different 
structure. As I described in my former paper ^), the colossal nerve- 
fibres contain a great number of closely set exceedingly fine separate 
fibrillae, which in well-preserved preparations are distributed regularly 
through the whole extent of the fibre. There where the axon enters 
the cell, this bundle of neurofibrillae may be followed some way 
into the cell-body ; we see the fibres describe a curve or vortex 
around the nucleus, and then the thin fibres melt into the somewhat 
coarser network of the neurofibrillae described above. 

The smaller, mediumsized and smallest nerve-cells of Branchiostoma, 
such as those that are drawn in figg. 4, 5 and 6, at the same scale 
as the cell figured in fig. 1, show the same arrangement of the 
neurofibrillae as the colossiil nerve-cells, viz. a regular network, the 
meshes elongated there where a dendrite or axon leaves the cell, 
more or less rounded in the centre of the cell-body. The subperi- 
pheral zone with finer meshes and coarser fibrillae I could not find 
here; the network seemed everywhere to be regular throughout the 
cell-body. In fig. 4a and 46 two sections through the same medium- 
sized nerve-cell arie drawn. In fig. 4a the nucleus is to be seen, and 
on it a very regular network of neurofibrillae, with only one layer 
of meshes, and therefore giving a very clear idea of the regularity 
of the network. This section passes through the centre of the cell- 
body. Fig. 4Z> shows the peripheral part of the same cell. The 
meshes are here more elongated in the direction of the processus, 
and in the network some fibrillae are coarser and more darkly 
stained; all of these run in the direction of the dendrite and leave 
the cell-body there; inside the cell they form part of the general 
network ; in the dendrite they run more or less parallel to each other 
and do not anastomose any more (see page 2). The same features 
are to be seen very clearly in fig. 6, showing the neurofibrillar 
structure of another mediumsized nerve-cell lying somewhat more 
cephalad in the spinal cord. 

In fig. 5 is drawn a very small ganglion cell (magnified to the 
same scale as the foregoing figures). Here too the network of the 
neurofibrillae is easily to be seen and the meshes are of about the 
same size as in the mediumsized nerve-cells described above, though 
smaller than in the colossal ganglion cells. 

Fusiform cells, in which the neurofibrillae simply pass through 
the cell-body from one processus to the other without interruption, 
as I described them in my former paper, 1 was not able to find in 



1) These proceedings. Meeting of Oct. 25, 1902. 
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the preparations stained after BiEiiSCHOWSKY. Where the neurofibrillae 
were visible, they formed a network. In my preparations stained 
with chloride of gold after Apathy, which Hooked over for these cells 
I however found them again. The uninterrupted course oftheneui-o- 
fibrillae was clearly to be seen. They are however only very rarely 
met with. 

So we find in nearly all the cells a network of neurofibrillae 
with regular meshes. In full-grown animals the meshes in different 
cells are of about the same size. But when we examine the same 
kind of cells (for example the colossal ganglion cells) in very small 
animals, we find a neurofibrillar network of the same regularity but 
with much smaller meshes. So when we compare fig. 1, a colossal 
ganglion cell of a fullgrown Branchiostoma of 48 m.m. in length, 
with fig. 3, an analogue cell of an animal of 6 m.m. in length, we 
find a much smaller-meshed network. Those small animals have 
finished their metamorphosis already, and present nearly the same 
organisation as the adult animal. The nerve-cells therefore seem to 
have assumed already the definite arrangement of their neurofibrillar 
structure, but the meshes are much smaller. During the following 
growth of the nerve-cells the reticulum grows, but the structure 
remains the same. In different adult specimens the size of the meshes 
seemed always to be of the same order, and only to present the 
slight differences mentioned above. 

When we compare this with the neurofibrillar structure, described 
for the ganglion cells of other animals, I will here especially call 
attention to the description of Apathy for Hirudineae and Vermes, 
of BocHENEK for Helix, of Donaggio, Cajal, Michotte, Legendre and 
the many authors, who have studied the ganglioncells of the higher 
vertebrates by means of the new elective histological methods. Among 
the descriptions by these authors of the neurofibrillar structui'e in 
the nerve-cells of the representatives of different classes of the animal 
kingdom, that of Branchiostoma takes just the place, we generally 
give to that animal in the animal series. Is fig. 7 is drawn a 
sensory cell of a Pontobdella, with the neurofibrillar structure stained 
after Apathy. We see a very coarse network around the nucleus, 
with fibrillae radiating to the periphery and forming there a second 
network. The ganglion cells of Helix give according to Bochenek*) 
a much finer network. The meshes of this network are still much 
larger than those of the nerve-cells of Branchiostoma; these in their 
turn are larger and the fibrillae coarser than the neui'ofibrillar struc- 



1) Le Neyraxe, Vol. UI, Fasc. 1. 1901. page 85. 
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tare, as it presents itself in well-stained preparations of the nerve-cells 
of the higher vertebrates (as for example in the splendid figures of 
DoNAGGio). It seems that the higher is the organisation of the animal, 
and in consequence that of the nerve-cells, the finer and more regular 
is the network of the neurofibrillae in the nerve-cells, (cf. Bochbnek). 

The network of the neurofibrillae has no definite connection with the 
protoplasma-reticulum. In preparations, preserved in a mixture of 
Herbiann's fluid and corrosive sublimate, and stained with iron- 
haematoxylin, the protoplasma has a very fine granular or fibrillar 
structure, and in the centre of many cells are shown curious diversely- 
shaped differentiations that remind us of the pseudochromosomes 
described by Hkidknhaln, and of the rings, described in the ganglion 
cells of vertebrates (Teleostei, Kana). But it would take us too far, 
to describe these details here at some length. 

2. An entirely different type of cells we find in the nerve-cells 
which form the large group of ganglion cells lying dorsally in the 
foremost part of the spinal cord just behind the brain ventricle, the 
so-called oblongata, extending from the niveau of the infundibular 
organ till beyond the first pigmented eye-cells. It is characteristic of 
the peculiar difTiculties, with which the investigation of the histology 
of the nervous system of Branchiostoma is encumbered, that of the 
lai-ge number of authors, who have studied the subject, only Joseph*) 
two years ago gave a nearly accurate account of the structure 
of these cells. Even Heymans and van der Stricht in their very 
elaborate study of the histology of the nervous system of Branchi- 
ostoma, published in 1898, do not say a word about it, and only 
in one of the many beautiful drawings, with which their paper is 
illustrated, in two cells a slight indication of it is to be seen. Joseph 
says of these cells/ that they present at the surface a finely striated 
border of minute rods, only at the side of the cell turned towards 
the surface of the animal, and underneath this striated border a 
coarsely granular darkly staining protoplasm. The same structure 
Joseph described in the cells lying close to the central canal in the 
spinal cord, covered by a pigment-cap, and being supposed to be 
light-percepting cells. On these grounds Joseph put forwai-d the 
suggestion, that the dorsal group of cells too consists of eye-cells, 
light-percepting cells, differing only from the cells of Hesse by the 
absence of a pigmented cap-shaped cell. 

This far-reaching suggestion is, I think, not proved, nor even made 
probable, by the facts. Even in the most carefully prepared sections 

1) H. Joseph : Uebcr einige Zellstructuren ira Zenlralnervensystem von Amphioxus 
Verb. d. Anatom. Gesellschafl. Jena 1904. p. 16—26. 
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in which the structure of both cells was very clearly to be seen, 
the two types still present some marked differences, both in the 
nuclei and in the structure of the protoplasm and the differentiations 
on the surface of the cells. According ta Joseph the nuclei of the 
dorsal cells and of the ventral eye-cells possessed a similar granular 
structure, differing from that of the other nerve-cells. In some cases 
this is true, but in other cases the same structure is found in the 
nuclei of other cells, and, when we examine a number of prepara- 
tions, the structure of the nuclei both of the dorsal cells, of the 
ventral light-percepting cells and of the other nerve-cells presents 
so many differences and varieties, that there cannot be drawn any 
conclusion out of that. But the capital difference between the two 
cell-forms lies in the absence of a pigmented cap-cell in the dorsal 
cells and the totally different form and structure of the two types. 

The light-percepting cells of the spinal cord possess a border of 
short minute rods, lying close against the cap-shaped pigment cell. 
The pi-ocessus of the dorsal cells are much longer, and not rods, 
but exactly shaped like hairs, or cilia. These hairs (fig. 8- 11) are 
rather long, slender and thickly set and their course is often more 
or less wavy. On the same cell they seem to be all of about the 
same length; the hairs on different cells do not vary much in length. 

The ventral light-percepting cells are all of the same regular form. 
The dorsal cells however present the most different forms. ^) Some 
are rather regular (fig. 8), some are long and slender (fig. 9j, some 
are of a very irregular shape, but in most cases these cells, when 
we reconstruct them from the thin sections, appear to have a very 
typical cup-shape. In fig. 10 I have drawn the median section 
through one of these cups, in which the central hole in the cell is 
figured, in fig. 11 such a cup-shaped cell is cut vertically to the 
axis of the cup. 

These cells are surrounded by a glious basket of closely interwoven 
fibres (in the figures this network is represented by a dark colour) 
and the cells seem to fill up the room left by this basket so that 
between the surface of the cell and the inside of the basket there 
remains an open space, in which the hair-like processes of the cell-^ 
surface are seen. In well-preserved sections this space has the same 
width on all sides of the cell, where the surface carries the hair-like 
structures. The hairs reach from the surface of the cell nearly to 



1) Only such cells are described here, which seemed lo be perfectly preserved 
All those cells, of which the irregular form seemed to be caused by bad preser- 
yaiion, are left out of the discussion. 

6 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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the inside of the basket, as may be seen in the figures. There where 
no hairs are developed, the glious fibres lie close against the surface 
of the cell-protoplasm (fig. 8, 10, 11). 

Where Joseph considers the hair-like processes to be only present 
at that side of the cell which is turned towards the surface of the 
animal, I cannot agree with him. When we compare horizontal and 
transverse sections carefully with each other, we must draw the 
conclusion, that the hairs may be developed on all sides of the cell, 
except there where the cell-body sends a dendritical process through 
the glious basket. Even there where the cell is shaped like a cup 
or calix, at both sides of the cup the cilia may be present (ftgg. 10, 11). 
The cilia at the inside of the cup are separated from each other by 
an ingrowth of the fibres of the glious basket (fig. 10). When the 
cell is cut at right angles to the axis of the calix, this may lead to 
the appearance of a ring of protoplasm, at both sides covered with 
the hairs, and surrounding a mass of coiled-up fibres, the ingrowing 
fibres of the glious basket (fig. 11). 

The protoplasm of these cells shows a regular network of neuro- 
fibrillae, which differs from the network of the other cells of the 
spinal cord by its much lai'ger meshes (compare figg. 8 — 10 with 
figg. 1 — 6); only at the periphery of the cell, under the hair-like 
processes, a finer network of neurofibrillae is to be seen (fig. 8). 
The hairs themselves seem to be implanted on a layer of small darkly 
staining granules or small rods, of which the definite structure is 
diflicult to be seen. In many cases it is only represented by a some- 
what more coarsely granular layer of protoplasm there whei-e the 
cell-body is covered with the hairs. 

All these things seem to point to the conclusion that these cells 
do not possess a light-percepting fimction, as suggested by Joseph. 
The shape of the cells and the peculiar structure at least are not 
favourable to the hypothesis. But it is sure, that this group of cells, 
all presenting the same peculiar structure, has a distinct and peculiar 
function. The structure of the cells reminds us in the first place of 
a static organ, and especially cells as drawn in fig. 9 and fig. 11, 
seem to suggest such a function. The peculiar baskets of fibres sur- 
rounding the cells remind us of the cells of Purkinjb of the brain 
of the craniotes, but bearing in mind the very little we know about 
these cells and about the cells just described, it is more advisable to 
stop at these general suggestions and not to try to go more into details. 
The suggestion of Joseph at all events seems to me to be untenable. 

A third type of cells differing from those which I described here, 
is that of the cells of the so-called infundibular organ in the central 
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wall of the brain-vesicle. These cells I mean to describe in my 
second paper. 

Leideuy 25 April '07. 

DESCRIPTION OF FIGURES ON THE PLATE. 

All the figures are magnified 1600 times, and are drawn wilh a camera lucida 
of Abbe directly after the preparations. Apochrom. oil-immersion lens of Zeiss and 
compens-ocular No. 8. 

Fig. 1. Colossal nerve-cell wilh neurofibrillar network, of a Branchiosloma of 
4.8 cM. in length (Bielschowsky— Pollack's method). 
, 2. Dendrites of a similar cell of an animal of 5 cM. in length (same method). 
, 8. Neurofibrillar network of a colossal nerve-cell of a Branchiostoma of 

6 mM. in length. 
, 4 a and h. Sections of a medium-sized uerve-cell of ttie same spinal cord 

as fig. 2. 
, 5. Section of a very small nerve-cell, with neurofibrillar network. 
9 6. The same as in fig. 4. 

„ 7. Section of a sensory cell of Ponlobdella, of 10|m, treated after the gold- 
method of Apathy. 
» 8—11. Sections through different cells of the dorsal group of cells lying 
behind the brain- vesicle, taken from preparations of several adult 
specimens of Branchiostoma. In fig. 8 some of the adjoining cells are 
drawn, to demonstrate the similarity of structure of the nuclei in the 
two cell types. 
In fig. 10 and fig. 11 are drawn two typical sections through cup-shaped 
cells of the dorsal group of cells. The body contained in the centre 
of the cell of fig. 11 is the prolongation of the glious basket sur- 
rounding the cell. Compare fig. 10. 



Physiology. — ''On a third heart .sound". By W. Einthoven, in 
collabomtion with Messrs. J. H. Wikringa and E. P. Snijdkrs, 
assistents at the physiological laboratory at Ley den. 

When continuing the investigation of the heart sounds by means 
of the string galvanometer ^), we noticed that in some cardiophono- 
grams, especially with the apex sounds of W i, recorded in February 
last, shortly after the vibrations of the second sound still another 
vibration was present, which admitted of no other interpretation than 
by regarding it as a third heart sound. 

We could not at once explain how this third sound was produced, 
and we put off the closer investigation of this phenomenon, however 



1) See: Die Registrirung der men.schlichen Herztone mittels des Saitengalvano- 
meters. PFLeoER's Arch. f. d. gesammte Physiol. Vol. 117, p. 461, 1907. 
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interesting it seemed to us, since for the present our time was taken 
up by other work. 

A couple of months afterwards Dr. A. G. Gibson of Oxford — 
to whom our former publications on the recording of heart sounds were 
known, but who could not be acquainted with our later observations 
— asked whether in our collection of cardiophonograms of normal 
persons there were any in which an extra sound was visible in the 
diastolic phase. Gibson occupied himself with an investigation of the 
venous pulse ^) and had noticed that with some persons, without a 
morbid affection of the heart, a low pitched sound could be heard 
at the apex during the cardiac pause, something like a distant 2"<^ 
sound, but feebler and much lower in pitch. The sound is clear and 
nothing like a murmur. This particular sound is of varying intensity 
being louder during the interval between the end of an expiration 
and the beginning of the subsequent inspiration. 

We hope elsewhere to publish in a more extensive paper the 
cardiophonograms we obtained; here we shall only deal briefly with 
them. When we try to predict from the shape and dimensions of 
the curves what impression the third heart sound must make on the 
ear of the observer, we cannot describe it otherwise than Gibson 
did: a distant diastolic sound of low pitch and clear tone, varying 
in intensity, but always feeble. 

There can be no doubt that the sound, heard by Gibson at Oxford, 
is the same sound we recorded at Ley den. 

The measurements made with some cardiophonograms, show that 
with W i the beginning of the third sound falls on the avei'age 
0.13 sec. (varying between 0.11 and 0.15 sec.) after the beginning 
of the second sound and on the average 0.32 sec. before the beginning 
of the following first sound. In the same curves the duration of 
the first sound is about 0.08 sec, of the second about 0.05 sec., of 
the third 0.02 to 0.03 sec. The first two sounds are murmurs, com- 
posed of tones of irregular pitch. The mutual distance of some tops 
in the curves shows that we have here tones of more than a hundred 
double vibrations per second, whereas the third sound seems to be 
built up of but one double vibration, the period of which amounts 
to about 0.02 sec. 

The intensity of the ttiird sound varies. While in some cardiac 
beats it is entirely absent, the amplitude of its vibrations reaches in 
other beats 1/7 of that of the first and second sounds. Putting the 



I) Gibson's investigation will shortly be published in 'The Lanccf ' under the 
title : *^The significance of a hitherto undescribed wave in the jugular pulse". 
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mtio of the amplitudes of the first or second sound to that of th^ 
third a = 7, and the ratio of the frequencies 6=2, the ratio of the 
intensities is a' b* = 196. Hence the third sound is at its maximum 
still about 200 times feebler than the first or second. 

While the above given figwes refer to the objective intensities, a 
comparison of the intensities of perception is still much less in favour 
of the third sound, since a tone of frequency 50 per second has 
objectively to be a little over a hundred times stronger ^) than a 
tone of 100 vibrati(ms a second, in order to produce an equally 
strong auditory impression. Consequently, if the third sound attains 
such an intensity that it is just audible still, the first and second 
sounds may be 20.000 times weakened, before also the auditory 
impression they produce, vanishes. 

This explains the difliculty of the investigation by the method of 
auscultation. Gibson ') emphasises this particularly and says that in 
order to hear the sound, accidental sounds must be excluded as much 
as possible, while one has to strain one's attention during the interval 
in which the sound occurs. Although the cardiophonograms leave 
no doubt as to the existence of the third heart sound with W i, we 
have been unable to hear it by means of a stethoscope. 

Regarding the explanation of the third sound we refer to the 
above mentioned more extensive paper which will shortlyjbe published 
elsewhere. Here we will only state our conclusion that the sound 
cannot be put on a line with a prae-systolic murmur of the mitral 
valve, nor with a duplication of the second sound by non-simultaneous 
action of the aortal and pulmonal valves, but that it is probably 
caused by a second vibration of the valvulae semilunares aortaeand 
must be regarded as a phenomenon of pretty common occurrence. 

Astronomy. - ''On some points in the theory of Jupiter's satellites'' 
By Dr. W. de Sitter. (Communicated by Dr. E. F. van de 
Sandb Bakhuyzen). '^ 

The following pages contain a short account of some investigations, 
which will soon be published, together with other results, in N". 17 
of the publications of the astronomical laboratory at Groningen. 

A few words are 'necessary in explanation of the notations em- 

1) Calculated according to Max Wibn, PplUger's Arch. f. d. gesaminte Physiol. 
Bd. 97. p. 1. 1903. H. Zwaardemaker and F. H. Quix give in ENaELMAKN's 
Arch. f. Physiol, p. 25. 1904, differences in the same sense, but of a different 
order of magnitude. 
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ployed. The notations used by different writers on the theory of the 
satellites are discordant in a most regi^ttable manner. The tables, 
both those of Damoiskau and of Delambre, distinguish the four 
satellites by the numbers 1, 2, 3, 4. This example is followed by 
Marth, and I have also in all my previous work on the satellites 
used this notation, as is also done by Mr. Cookson in the discussion 
of his observations. The theoretical writers, on the other hand, Laplace, 
TissKRAND, SouiiJiART usc the suffixes 0, 1, 2, 3 or a corresponding 
number of accents. Another fundamental difference is in the designation 
of the perijoves. "fhe letter <i> in the writings of Damoiseau, Marth, 
CooKsoN and myself represents the "own'' perijove; Souillart and 
Tisserand use it for the osculating perijove. There are mfiny more 
differences of this kind, which need not be enumerated here. Though 
thoroughly convinced of the great importance of a consistent notation, 
I am, reluctantly, compelled in this communication to depart from 
the notations employed l)y me elsewhere. In the first article of the 
present communication, which treats of a theoretical point, I have, to 
avoid the writing out at length of many well known formulas and 
results, closely followed Tisskrand's very clear argument in the 
fourth volume of his Traite de Mecanique Celeste, Accordingly in 
this first article, I will adopt Tisserand's notation, with one exception. 
In the further articles I will return to the notation employed in my 
previous work. 

1. Theovii of the lihration. As has been explained, the notations 
employed arc Tisskrand's excepting the mean longitudes, which I 
denote by /,, /,, /i instead of by /, /', /". In addition to the quantities 
F, F g]g' defined by (19) page 11 ') I wish to introduce 

(i^ —-- —3a' ^(0- ad 



a 



da 



a da 



TissERAND assumes G^ = (t and 6^/= G\ which is only approxi- 
mately true. If it is not desired to introduce this approximation, 
then on page 11, formula (20) we must in R^ replace G by (r^ and 
similarly in /i/ G' by (7/. 

The only further difference from Tisserand's notation is in the 
definition of the libration. I put 



1) The references of pages and formulas are to those of Tisseband, volume IV, 
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* = ?, - 3J, 4- 2i, + 180°, [11 

TissEKAND, however, has 

a^ = i — 3Z' + 2r. 

The angle *, as defined by [1] is the angle to which the name 
libmtion was first applied by Laplace, and which is by him called cS. 
{Mecanique Celeste^ Livre VIII, art. 15, Oeuvres, tome IV pages 75 
and 79 of the edition of 1845). 

The differential equation determining the libration is 

^ = -^-^-. [2] 

This equation is derived by the combination of the three equations 

(PL 

^ = -Q,^n*\ [3] 

d*L 

We have thus 

/r = Q,~3Q, + 2Q, [41 

From these equations the whole theory of the libration is derived 
in the well known manner, on which, however, I will not dwell, 
my sole object being at present the determination of the quantities 
Q„ C. and (2,. 

For that purpose we start from the formulas given by Tisseband at 
the top of page 20, which must however be completed as follows: 

and two similar equations for 9' and q". 

Introducing the same auxiliary angles u and u' that are used by 
TissERAND (formula (12) page 20), we get instead of Tisserand's 
equations {B): 
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)[6J 



^•p 3 r . a . "1 

= — m'w' F (k sin u — k cos u) -I G, (^ sin u — li cos u) I 

dt' 2 [_ ^ ^ ^ a' ' ^ 'J 

— 3m ao,i { {*' — A') «'« 2?/ — 2kh cos 2w j 

H V- «i I W — A"} sin 2n — 2A'yfc' c^^ 2w ] 

— 26o,i fc — AA'} sin lu — |M' + hU\ cos 2u\ . 

—^ = — 5mn* G (A' sin n — A' co« m) -| F {k sin n — h cos n) \ 

+ I m"n" \f* (A' sin u' - A' cos w') + % G\ {k" sin «' - h" cos «')! j 
+ 6n' ai,o ({*'• — A"} sin 2u - 2)k'A' cos 2uj 

_|_ Z!^ll^ a^ji ( {/;• _ A«j aeVi 2« — 2*A cos 2m I 
m [/a ' \ / 

— 2fti,o MM' — AA'} sm 2u — \kK + AA'} cos 2u J 
- 3n' fai^a TtA" - A"j .nn 2«' — 2A'A' cos 2w' J 

. ^^ aj J /^j/:"« _ /,"•} sin 2w' — 2FA" cos 2n'\ 
m'\/a \ J 

— 2fti,2 iw — '*'*"! •''"' 2w' — {A'A" + A'*"} oos 2tt jl . 
'i'?^ = — 37n';/"* Tg^' (A" nn u' — A" co5 w' j + ^ F' (A' ^m ?/' — A' co/j m' j1 

+ 6n" L^,! MA'" — A"«| sin 2fi' — 2A"A" ms 2m' j 

-f --^ „ «,,2 I {A" - A"} sin 2n' — 2A'A' cos 2m' ) 
7n'[/a' ' V^ y 

— 262,1 TlA'A" — A'A"j sin 2m' — {A'A" + A'A"} cos 2m' j| . 

To derive from these the formulas [3] we must for A, k, A' • . 
substitute the values 



h TTz B sin n -\- B^ sin u 



etc. 



. [7] 



k = B cos u -{- B^ COS u\ 
which are given by Tisserand at the bottom of page 21. In the 
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result we then reject all terras which do not contain the argument 

tt' — tt = * + 180°, 
or its multiples. We thus find easily 

^ = lm'n-^FB, + ^ G.F.j sin (u-u') ^ 

r m'l/a' 1 

— 3n 00,1 5,' H V «i.o "^i" - 2*0,1 B^B^' dn 2 (u—u') 

[_ my a _| 

r m'l/a' "1 

— 6n 00.1 BB, 4- _l_a,,o£'5,' — fto.i (BB.'+B.B) \gin{u-u') 

L "»l^« J 

^ = — 3mn" Fg^,' + - /'5,1 sin («-«') 

+ A m"n'» [fB + ^ G.'^"] »ifl {u'-u) 

<^\fiB^' + -i^, ao.i B,' - 2bifiB,B,' \nn 2 (u-u') 
m |/a J 

+ 12«' ra,,o£'5,' -I- ■^, 00.1 55, - ft,.o(5B,'+5,5')l 



«V(u — u') 



r m"l/a" 1 

- 3«' a,,2 J5" + —rry aj,, F" - 26,.2 BB" nn 2 (u'-u) 

I m J/ a I 

- 6«' \a,,,ffB,' + "^a,,y B'B,'' -b..,,{BB''^B,'B')\ 

I m ya J 

«tn (u' — u) 
^ = — Sm'n"' r^'^" + ^ /"^l «n (u'-u) 

+ 6n" I 02., B"' + ^^, o,,2 5" - 2ft2., BB'l sin 2 (u'- u) 
I m ^/a J 

+ 12«" [^«2., B"5/' + ^^o,.25'S/-i2.,(/?'5."+5,.B")l 

Hn (u' — 2<) 
We now put 

sin {u — u') = sin -d- 
sin 2 (u — w') = — 2 sifi d, 

Further we introduce the approximate values of ^, B' , , . which 
TissBRAND gives in the middle of page 22, viz. : 

B = mCG B; — rri'CF B^ = B" = Q,. . . [9J 
where C is a constant, the value of which is indifferent to our 
argument, and can easily be derived by comparison with Tissbkand* 



[81 
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We then neglect the squares and products of J5, B' . . . , and also 
the diffei-ence of 6r, and G, and we put 

n*a}=n*a'*=iT^'*c!'*z=f, ..... [10] 
which also is only approximately true, and 

3 / 
Z a 
Introducing all these simplifications we find the equations (22) of 

TiSSERAND, viz. : 

dH, nini' , 

-^ = — — - Ktm » 

d*L mm! 

In comparing these with Tisserand it must not be forgotten that 
our * differs ISC from Tisserand's. We have thus, if all the above 
mentioned approximations are introduced 

Q,=t^^, Q. = -3^V, Q. = 2^«. . [Ill 

The values [9], how^ever, are only approximately true; they contain 
only the perturbations of the first order in the masses. Nevertheless 
the deviations of the values of Qi from the truth caused by the 
adoption of these approximate values, and similarly by [10] and by 
the neglect of difference of G and G^, are not of a serious nature. 
The neglect of the terms of the second degree in B, J3\ . , on the 
other hand, is very serious. 

Now discarding all these simplitications, with the exception of 
B^ = B'' = 0, which we continue to adopt, we find for the com- 
plete values of Q^, (2„ Q,: 



^ 2 a \^mya J 

[121 



Q. = + 3 m«" GB^ + ^ m"n'' F'B' + 



+ 12«' [a,,o(5."-^5.') + hfiBB,-] + 
+ 6n' [a,,2(5"-i?'5/) + 6,.2 B'B,"] 



Q, = - 3m'«"' ^ F'B - 12«" r^^,a,,,(5"-B'5,')+62.i5'5;'l.l 
a \_m ya J ' 

Using the numerical data adopted by Souillart, and putting 
m^ = 10000 7H, m, = J 0000 m', m, = 10000 m". 
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we find from formula [11] 

Q^ r= + 0.03201 m, m, 
Q, = — 0.03794 m^ m, 
Q, = + 0.00994 m, ra„ 
From the formulas [12], on the other hand, we have: 
Q, = {-[- 03009 -^ -00460 m, — -01156 m, — -00958 m,} m, m, = 

= ^ 001815 m, m, 

Q, = {— 0-03436 + -00389 m, + 00933 m, + 00809 m,| m^ m, = 

= r- 002438 nil ™s 

Q, = {+ 0-00794 — ^00020 m^ — -00016 m, — -00042 m,| m^ m, = 

= + 000751 m^ m,. 

The numerical coefficients depend almost exclusively on the ratios 
of the major axes, i.e. on the mean motions, and they can be taken 
as correct to the last figure given. 

The coiTesponding periods, computed by tlie formula 

are, expressed in yeare: 
•from formula [11] .... T= 6-318 
from formula [12] .... r=7-985, 

The difference is considerable. 

The question naturally arises : why have these important terms of 
the second degree been overlooked by Laplace and Souillart? For 
Laplace, the answer is very simple: he has neglected the part R^ 
of the perturbing function throughout. For Souillart it is different. 
It is one of Souillart's great merits to have discovered the importance 
of this same part of the perturbing function, especially for the 
determination of the quantities B, B\ . . The corrections which have 
been added by Souillart on this account to these coefficients, amount 
to a considerable part ofthew^hole. Also Souillart evidently intended 
to find the expression for the period of the libration as completely 
*as possible. On the pages 46 and 47 (Memoirs of the Royal Astro- 
nomical Society, Vol. XLV) he considers the different parts of the 
perturbing function, which can in the differential coefficients of the 
mean longitudes introduce the argument l^ — 3/,-}- 2/,. He, however, 
rejects them all, as giving negligible coefficients, and retains only 
the terms which had already been discovered by Laplace. Among 
the rejected terms are also the new terms treated above, which are 
discarded by Souillart on the ground that they are of the second 
degree in the excentricities (page 47, bottom). He here overlooks 
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that in these terms, for the same reason as in those of the first 
degree, the excentricities must be replaced by their perturbations 
with the arguments u and it', in order to find the terms determining 
the libration. These terms thus are of the second degree, not in 
the excentricities, but in the quantities B, B', . . and of t/iese the 
squares are not negligible, as we have seen. 

The question further arises : do not the terms of the third degree 
in the excentricities, i. e. those of the types 

P e* cos {2V — I -co), Q «' «' co« (2 r — Z - 2 c5 + c5'), 

ii «» co« (6 /' — 3 / — 3 a>), Se^co8{^r — l — Z co), etc. 

also contribute appreciably towards the coefficients Q, ? To find the 
answer to this question I have computed all the terms of this kind 
in (2i- These terms of the third degree, which areof the fourth order 
in the masses, are: 
cf Qj = {+ -00012 mi' + -00079 m,' + 00034 m/ + -00061 m^ m, + 
+ -00050 m^ m, + .001 24 m^ ra,} ra, m, = + .00071 m, m,. 
They are thus not wholly negligible. I have, however, not carried 
out the computation — which is rather complicated — for Q, and 
Q„ nor have I computed the terms of the fourth degree (i.e. of the 
fifth order in the masses). The development of the period 7^ in powers 
of the masses evidently converges very slowly, and the period com- 
puted by the formulas [12] may very well be erroneous by a few 
tenths of a year. 

2. The equations of the centre. The large inequalities, which in 
the integration by the method of variation of elements appear as 
perturbations of the excentricities and perijoves (formula [7] above), 
are in practice added to the longitudes and I'adii-vectores, and the 
excentricities and perijoves are conceived to be afifected by their 
secular, but not by their periodic perturbations. I now return to the 
notations used in all my other work on the satellites, and I denote 
the excentricities and perijoves, defined in this way, by Ei and Sii. 
We have then ^) 

hi = 2 Ei sin Qi = 2 JSj vj Sj sin dij | p.o, 

ki = 2 Ei cos £ii = 2 2j xijej cos caj | • • • • | 

The sums extend over the values of J from 1 to 4; ^,- and co,- are 
the "own" excentricities and perijoves of Laplace, the values of 
ei are constant and co, are linear functions of the time. Further 



^) These hi and fc are thus not the same quantities as those denoted by h^ k, h'.., 

by TiSSERAND. 
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Tii = 1, the other ratios xij, and the motions — depending on the 

masses. Thus if certain values of the masses are adopted, the ratios 
Tif are thereby determined. If then hi and ki of the four satellites 
are known from the observations, then from the eight linear equations 
[13] (consisting of two sets of four each, with the same coefficients) 
we ^n determine the eight unknowns ei sin co; and ei cos c5/, and 
from these again ei and co,-. The method is exactly the same as the 
one used by me for the determination of the inclinations and nodes 
(see these Proceedings, 1906 March, pages 767—780). The vahies of 
hi and ki have been determined from the heliometer-observations 
made at the Cape Observatory, in 1891 by Sir David Gill, and in 
1901 and 1902 by Mr. Bryan Cookson. The results from these 
observations have been treated by the method just delineated, in two 
different suppositions regarding the masses, i. e. regarding the ratios 
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diOi 
Tij and the motions -— . The results are collected in the following 
at 

ta,ble. The values of cS, for J 900.0, given in the last two columns, 

have been derived from those for the individual epochs for each 

diSi 
system separately by means of the motions — corresponding; to the 

dt 

assumed masses. The perijoves are counted from the assumed vernal 

equinox of Jupiter, whose longitude in 1900.0 is 135°.45. 

The values of these elements, on which Souillart's theory is 

based, are: 

(1900-0) 

f?, = 0^^001 CO, = 305° 

^, = 0-006 CO, = 177 

^, = 0-064 CO, = 206-1 

^,= 0-4160 CO, = 152-69 

Tlie results from the two systems are practically identical. The 
corrections to Souillart's values for the satellites II, III and IV, are 
considerable, and on the whole much larger than the deviations of 
the three epochs inter se. These corrections are thus undoubtedly 
real. The most remarkable of them is certainly the large own 
excentricity of II. The value of this element, assumed by Delambre 
and Damoiseau is zero. The value used by Souillart in his theory 
is a pure arithmetical result, and has no weight whatever as a 
determination of the element. Damoiseau, however, has suspected the 
existence of an excentricity of practically the same amount as is 
found here. This is shown by the following quotation from his un- 
published memoir, written in explanation of the construction of his 
tables, which I quote after Souillart^). Damoiseau says there: 
**Nous avons des motifs de soupc^onner dans I'orbite du second 
satellite une equation du centre propre de 32* en temps synodique 
(ce qui correspondrait a une excentricite propre de 0.00032738), 
mais notre incertitude sur la position du perijove, dont le mouvement 
est encore a calculer par la theorie, nous a fait remettre cette re- 
cherche a un autre temps." This excentricity, expressed in arc is 
0°.0188, and it is therefore practically the same as the value found 
by me. The reason adduced by Damoiseau for not using it in his 
tables sounds somewhat strange: as a matter of fact the motion of 
the perijove had been determined long ago by Laplace. 

With regard to Satellite I it is clear that the apparent equations 



1) Memoires des Savants etrangers^ tome XXX, page 28. 
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of the centre derived from the observations — which moreover are 
only little larger than their probable errors — do not represent a 
true excentricity. It is not impossible that they are produced by the 
existence of surface markings on the disc of the satellite, causing the 
centre of light, which is observed by the heliometer, to be displaced 
relatively to the centre of gravity, the displacement being different 
at different epochs. Any attempt to explain the observed A/ and ki 
on this hypothesis would, however, necessarily involve so many 
undeterrainate quantities, that its success would be no proof of its 
representing a true fact of nature. 

3. Determination of the Ubration from the observations. 

In a communication made by me in 1905 to the "Nederlandsch 
Natuur- en Geneeskundig Congres", ^) I have shown : 

that the libration probably has an appreciable coefficient, 

that the determination from the observations, not only of the 
phase and amplitude, but also of the period of the libration, is ot 
the highest importance for the derivation of the masses, especially 
of the mass of Satellite I, 

that this determination is possible from the observations made at 
the observatories at the Cape, Helsingfors and Pulkowa, 

that most probably the period differs considerably from the value 
adopted by Laplace and Souillart, and 

that this detex'mination is intricately connected with an investigation 
of the long-periodic inequalities in the longitudes of the satellites, 
and that consequently the whole problem can only be solved by 
successive approximations. 

In number 17 of the Publications of the Astronomical Laboratory 
at Groningen, which will soon be published, all these conclusions 
are confirmed and the successive approximations are carried out. In 
this communication I cannot dwell upon the details of this investiga- 
tion, nor upon the difficulties which were encountered. I must confine 
myself to a brief statement of the results. 

The observations used are the heliometer-observations of the Cape 
Observatory already quoted above, and further photographic plates 
taken at Helsingfors in the years 1892—93, 1893—94, 1894—95, 
1895—96 and 1897, at Pulkowa in 1895—96, 1897 and 1898, and 
at the Cape in 1904. I thus had at my disposition ten oppositions 



1) ^^Over de libratie der drie hinnenste groote satellieien van Jupiter en eene 
nieuwe methode ter bepaling van de massa ran Satelliet 7." Handelingen van 
hel lOde Gongres, pages 125—148. 
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in all. For each of these corrections Hi to the assumed longitudes 
of the satellites were derived. These direct results from the obser- 
vations can, however, not be used as they stand. There are, as has 
been mentioned above, in the longitudeof each satellite four unequali- 
ties, whose periods are between 400 and 500 days, and whose 
coefficients are of the same order of magnitude as the libration. 
These inequalities therefore, during the few months over which each 
of the ten series of observations extends, are practically constant, 
and the correction Lli derived from the observations consequently 
contains, in addition to the correction Af, to the mean longitude, 
and the libration, also the correction to the assumed values of these 
inequalities. 

Now the coefficients of these inequalities are proportional to the 
excentricities and depend on the masse5, and are therefore incertain 
to the same extent as these, i.e. to a very large extent. The periods 
of the four inequalities are so nearly equal, that they cannot be 
separated from each other. Further the period of the most important 
of them — important both by its magnitude and by its uncertainty 
— differs just so much from the average interval of one opposition 
to the next that, when we consider only the values at the epochs of 
opposition, the inequality presents itself as one having approximately 
the period of the libration, -and can therefore not be separated from 
the libration itself. For all these reasons it was impossible to 
determine the libration and he long-periodic inequalities from these 
observations alone. 

For the determination of the masses, leaving for the moment the 
mass of IV out of consideration, we have the following data: 

1. the large inequalities in the longitudes of the satellites I, II 
and III, 

2. the motion of the perijove of satellite IV, 

3. the period of the libration. 

The motion of the perijove of IV also depends on the compression 
of the planet, which must thus also be investigated, and is deter- 
mined by 

4. the motion of the node of satellite II. 

The data mentioned under 1, 2 and 4 are those used by Laplace, 
3 has for the first time been pointed out by me in the communi- 
cation to the *'Nederlandsch Natuur- en Geneeskundig Congres", 
quoted above. 

The method by which the approximations have been conducted is 
the following. Certain values of the masses, approximately verifying 
he conditions 1, 2, and 4, are assumed, and the corresponding 



Digitized by 



Google 



( 107 ) 

values of tbe long-periodic inequalities are computed. Let these 
be cB/, and let Mi^ be the values used in computing the tabular 
places which were compared with the observations. Then evidently 
the correction to the mean longitude corresponding to the assumed 
masses (and equations of the centre) is 

From these A// we then determine the amplitude, the phase and 
the period of the libration. If this period co-incides with the one 
computed from the assumed masses, then the approximation is suffi- 
cient, if not, then the w^hole process is repeated with different masses. 

The communication of the different approximations and of the 
residuals remaining after the substitution of the finally adopted values, 
would exceed the limits set to this paper. The formula finally derived 
for the libration is 

t — 1895-09 



»=0\lb8nn 



7-0 



The adopted masses are 



m, = 0.0000 256 
m, = 0.0000 231 
m, = 0.0000 820 

and the corresponding ratio of the distribution of the libration over 
the longitudes of the three satellites is given by 

-1 = 4- 0-175 -1 = _ 0-260 — = + 0-022' 

The mean longitudes (excluding libration) on 1900 January 0, 
Greeuwich mean noon, are (counted from the point Aries) 

/, = 142°-604 
/, = 99 -534 
I, = 167 -999 
I, = 234 -372, 

By a comparison of these with the values at the epoch 1750.0 
the following sidereal mean daily motions') were derived 

w, =z 203°-4889 5652 
, n, = 101 -3747 2411 
«, = 50 -3176 0790' 
n^= 21 .5710 7132. 

I have added no probable errors, which in the absence of the 
details of the observational material can only have a subjective value. 



1) i.e. sidereal mean motions in a mean solar day. 

7 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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Geology. — ''Comiderations on the Staringmn '' ZanddiluviunC', 
By P. Tesch. (Communicated by Prof. K. Martin). 

The sandy areas form a great part of tlie Dutch land. When from 
tlie so-called diluvial half of our country the gravelous diluvium 
with the boulder-clay, the alluvial moors and river deposits and the 
regions where the wind has influenced the bottom, are subti-acted, 
the districts are resting where the surface consists of sand without 
or with little gravel and which are gathered by Staring under the 
collective name of '*zanddiluvium". These districts have in the different 
parts of our country a different appearance and a different fertility. 
Therefore the neutral name of "zanddiluvium'* has been chosen by 
Staring for a very good reason, in which name the origin rests 
undecided by this name. Yet he speaks on the pages 114 to 121 
of the second volume of his *'Bodem van Nederland" about the 
origin of these sand deposits as follows: 

''Evidently it has been formed in the last part of the diluvial 
period or in the very first part of the alluvial period; for everywhere 
where it is found, it rests upon the gravelous diluvium and is covered 
by the alluvial beds.'' 

"This form (the horizontal position of the composing strata) 
connected with its position upon the gravelous diluvium and at the 
foot of the hills formed by this, permits to decide, with great 
probability, about the presumptive origin of the**zanddiluvium". The 
sand with boulders and gravel being transported to the places where 
it is found now and having taken its present^ form, still a long time 
must have passed, before the surface was fastened by the vegetation 
and the currents were streaming in their present beds. During this 
period frost and rain will have had a stronger influence on these 
accumulations #f sand and bouldei's than afterwards when their 
surface was protected by a thick crust of humus. The rocks which 
are capable of disintegration, many granites, mica slates, sand-stones 
and grits, have been converted into gravel, sand and clay, and the 
rain water has transported it for a great [)art to the valleys. These 
valleys were filled up and at the same time the hills became lower 
and took a more rounded form than was originally the case. That 
this sand represents the detritus of the gravelous diluvium and has 
been formed during the transition-time to the alluvial period, is also 
to be concluded from the reflection that such a formation must exist 
and that this formation cannot be pointed out in another than in 
this sand." 
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Staring was however not ignorant of the fact that still other 
factors have contribnted to the formation and the distribution of 
this sand. 

This may be sure when we see, how on his geological map on 
some places along the great rivers alluvial sand-banks are placed on 
the "zanddiluvium", isolated from the present river-bed and how on 
the index of the coloui-s "zanddiluvium'' and ''rivages diluviens" arc 
marked with different character Z and Z' and yet this difference has 
not been sustained on the map. Here the same colour and the same 
character Z signifies **zanddiluvium" as well as "diluvial sand-banks" 
(map 19) and *'river banks" (map 20). Apparently Staring would 
not decide, though he was convinced that those formations are not 
equivalent. He may not have said it clearly, yet the honour of 
having tirst recognized the problem is due to him. 

So Staring's point of view in the matter was as follo\vs: 

The **zanddiluvium" includes all sanddeposits which have been 
formed after the glacial period and which are not surely alluvial. 
It has been washed away by rain water from the gravel-hills in the 
neighbourhood ; yet on many places the possibility of another origin 
may be taken into consideration. 

After Staring only three geologists, as far as is learned by the 
literature I can dispose of, have been engaged in the study of the 
postglacial *'zanddiluvium". 

At the 7^** Physical and Medical Congress in 1899 (Transactions 
page 450) Dr. H. van Cappelle spoke on **de oorsprong van het 
heide- of hellingzand". 

In the Staringian *'zanddiluvium" formations of a different age 
must be represented. The orator observed on many places (West- 
Drenthe, Gaasterland, Amersfoort etc.) between the sand which may 
be considered with great probability as the product of the washing 
from the gravel-hills, old surfaces which he connects with the inter- 
glacial period by the following reasoning: 

*4he younger diluvial currents which have formed the level sand 
of the valleys, have eroded this **lieidezand". The sand of the 
valleys being formed in the period of the melting away of the first 
glacier, for the formation of the older "heidezand" only two sub- 
sections of the diluvial period rest: J»t. the second glacial period 
and 2**^. the period of the melting away of the lirst glacier.*' 

"The first age is possible for the .sand which covers the mentioned 
vegetable beds. So these vegetable beds must be interglacial. The 
sand which covei's the boulder-day directly, may also be a deposit 
of the first glacier." 

7* 
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Before continuing, 1 will add t-oine remarks. The old surfaces, 
observed by Dr. van Cappklle, prove nothing else but the fact that 
in the formation of this sand periods of rest have existed, in which 
organic life could develop on the sand. But this fact does not yet 
prove that two different geological periods are necessary. Indeed 
Dr. VAN Cappelle himself says that the vegetable beds lie between 
the sand in the shape of wedge and so are very local. They have 
not any value for a further determination of the age. I agree per- 
fectly well with Dr. van Cappelle where he says on page 451 : . 

"this author (Dr. J. Martin at Oldenburg) will not believe that 
the interglacial period has passed without leaving behind traces in 
our country, though a convincing proof is not to be given, because 
the ground moraine of the second glacier fails'*, and indeed it is 
not to be thought otherwise that among our so-called postglacial 
formations, deposits exist which are ecpiivalent to such of the 
second interglacial period and the third glacial period in Germany, 
but a decisive proof is not to be given. Old surfaces between the 
sand have not the least demonstrative power in this matter. To show 
the point of view of Dr. van Cappelle in 1899 in regard to the 
origin of the '*heidezand", I will cite the conclusion at the end of 
the mentioned communication : 

The ''heidezand" lias been formed in part by the melting watei-s 
of the retiring first glacier, in part after the interglacial period by 
the brooks which were streaming from the gravelhills in the time 
of the approaching of the second glacier ; also the alluvial period 
has contributed to the increase of the "heidezand" by the washing 
of the hills." 

Dr. J. LoRi^ has laid stress upon the fact that the sandy plains 
which accompany our great rivers and many smaller ones ought to 
be considered as river-beds of the diluvial times. This sand has been 
washed away from the banks and removed down the current. Two 
examples will do. 

At the 4^^ Physical and Medical Congress in 1893 (Transactions 
page 393) Dr. IjOrie speaks about *'the peat-moors of Brabant- 
Limburg.'' The speaker demonstrates that these moors owe their origin 
to existing grooves in the surface which had no drainage. Those 
grooves represent old branches of the Meuse. This whole region ought 
to be considered as a diluvial delta of the Meuse. 

**From the stadium of the *'.wild waters" when the Meuse was 
still streaming without a definitive bed, a compound network was 
born which decreaserl gradually, until only one current, the present 
Meuse, remained." 
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V In the comrmmieations on the geologj^ of the Netherlands, col- 
lected by the geological committee, number 35, Dr. Lori^ shows 
convincingly that the surface of the "Geldersche Vallei" represents 
a terrace of a faded branch of the Rhine. 

"The peat is followed by a thick layer of sand which has not been 
washed away from the hills on either side, but has been supplied 
by a branch of the Rhine which thus built a terrace", (p. 95). 

The fact, that the fluviatile sand reposes upon the marine fauna 
of the "Eemstelsel" with temperate character and is still separated 
from it by peat and clay, proves in my opinion that the terraces 
have been formed by the rivers in an old-alluvial period with our 
present climate. I hope to revert soon to this subject. 

The third examiner of the Dutch sand districts was Dr. J. L. C. 
ScHROEDER VAN DER KoLK, and it may be superfluous to draw out 
his great merits another time, also in regard to this geological 
problem. To his accurate sand inquiry we owe this division '). 

I. Quartz-am fibol-sands: 

a. quantity less than 0,4. Southern Diluvium. 
h, quantity more than 0,4. Northern Diluvium. 

II. Quartz-garnet-sands : 

a. small quantity. Increase. Alluvium. 

b, great quantity. Decrease. Alluvium. 

He applied his rules to this study of the environs of Deventer 
with much acuteness. 

ScHROEDER VAN DER KoLK could uot coutiuue his succcssful re- 
searches because of his busy life in Delft and his feeble health, and 
his death has put an end to all further expectations. 

The difficulties are far from being conquered no\y. In general the 
rules of ScHROEDER VAN DER KoLK are quite right. Yet it is not 
sufficient for the classification of each sand to determine the quantity 
of heavy minerals. The activity of the forces of nature being too 
much complicated, the effect cannot appear in a so simple form in 
all cases. In each case all circumstances must be taken into con- 
sideration or we shall often come to an erroneous conclusion. The 
following example shows this necessity. 

The lower parts of the Rhine-diluvium in Limburg are formed by 
grey sands. In these sands grains of basalt are tolerably numerous. 
Even when the grains larger than 2 mM. and those smaller than 
0,2 mm. are removed, the quantity of heavy minerals is still 0,5 to 
0,6, the specific weight of basalt being 2,9 to 3,1. The grains of 

^) In this form Schroeder van der Kolk gave his division at the 6^^ Physical 
and Medical Congress in 1897 (Transactions page 409). 
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basalt not being considered as a mijclure of minerals, it would be 
concluded tliat these sands l)elong to a glacial sheet which had 
reached our country before the gravel of the Rhine-diluvium had 
been deposed. Such a contradiction would give rise to many difficulties. 

There is still more. In the gravelous diluvium in situ, the practical 
limit of 0,4 7« will probably give good results, but in the "zand- 
diluvium", the materials of which must have been derived from the 
gravelous diluvium, the quantity of heavy minerals must have been 
changed, ac<*ording to the difierent manners of derivation. Here the 
greatest prudence is wanted. 

When a characteristic can be pointed out which may be considered 
as the effect of these different manners of derivation, a further step 
has been made. I believe I have found a specific which may aid in 
some cases to take a decision, where the rules of Schrokder van 
DKR KoLK do not help. I add immediately that this specific is not at 
all universal. 

It will be necessary to tell in a very general manner how in my 
opinion the beginning of the diluvial period found our country and 
how our gravelous diluvium has been deposed. 

As much as we know now, the tertiary base of our country is 
marine (excepted South-Limburg). In the western part of Zeeuwsch- 
Vlaanderen the base is formed by the "rupelleem", in the eastern part 
it is the marine deposit of the Diestien. Along our southern frontier 
the marine deposits of the Poederlien, Diestien and Bolderien exist. 
The sands of the Moseen appertain in my opinion to the old fluviatile 
diluvium. The miocene land- and fresh-water deposits seem to be 
restricted to South-Limburg. Along our eastern frontiers the base is 
formed by up|)er-oligocene sea-sands, to the north these strata are 
covered by miocene de|)osits. In Gelderland and Overyssel the same 
miocene clay forms the surface. In North-Brabant and North-Limburg 
this miocene is still covered by sands which probably appertain to 
the i)liocene. To the north and west LoRiic has shown a pliocene 
sea-ground at several places ((irave, Arnhem, Ooes, Gorkum, Bergen 
op Zoom, Utrecht and Amsterdam) which declines to the north-west. 
So at the beginning of the diluvial period the greater part of our 
country was covered by the pliocene sea and only in the east and 
south-east a coast existed. 

Now the rivers Rhine and Meuse supplied the enormous quantity 
of sand and gravel wliich form everywhere in our country the base 
(excepted Zeeuwsch-Vlaanderen and South-Limburg). A delta was 
built which, filled u|) the basin of Holland and the Southern North- 
sea as far as the chaik rocks of Norfolk aud Suffolk. 
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Then a part of this delta was covered by the northern glacier 
which deposed its moraines on the surface of the delta. The glacial 
sheet being retired, a new period begins. The "river water remained 
at the south, of the morainal barrier Laren, Rhenen, Nj^megen, Cleef, 
Xanten, and the rivers came from the stadium of the "wild waters" 
into the stadium of a compound network. The gravelous diluvium 
has been deposed and we have to examine in what way the surface 
can have been changed now. 

In the sandy areas which are very numerous in our gravelous 
dilivium, we may expect; 

a. the sand which has been removed by the wind. 

6. the sand washed away from the hills by rain water. 

c. the sand deposed by a river in its bed. 

How to distinguish these sands? The sand a must be deposed in 
a depression and does not show a stratification. The composition 
and the largeness of the grains do not offer a regularity and the 
surface must be hilly. This origin may be possible for sand districts 
which are surrounded by gravel-hills. 

The sand c may be found along the rivei-s or in a groove which 
represents a faded river bed. In general the surface declines down 
the current and the sand is stratified in a horizontal position. The 
composition and the largeness of the grains give no difference in 
the direction of the stream, neither in vertical direction. 

The sand b may be found in depressions as well as in grooves, 
has also to show a horizontal stratification, but in the composition 
and the largeness of the grains differences may be expected : 

1. in the direction of the groove, when the bordering hills differ 
in composition, as in the case of the hills of Holten, Markelo and 
Lochem. 

2. in vertical direction. When grains of sand are washed down 
the hills by rain water, the grains become smaller, while the incli- 
nation decreases gradually. So the grains of the sand h has to become 
smaller in the higher parts of the layer. 

The next may show whether this characteristic can practically 
be used. 

In the last year the Dutch Government drilled at three places in 
the Peel. As appeared the peat reposes on sand and then the gravelous 
diluvium follows. The question is whether this sand is a sand b or 
a sand c. When the lower parts have indeed a greater quantity of 
large grains than the higher parts, it may be a sand b, else we have 
better consider it as a sand c. 
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The hill-slope from Meyel to Deunie is about 18 K.M. long and 
has a direction from N. N. W. to S. S. E. At the east of this ridge 
are situated the three places (at the station of Helenaveen, at the 
village of Helenaveen and at the north of the village of Helden) 
which I shall call 1, 2 and 3, from the north to the south. 

The position of the sand bed is as follows: 





Meters +A.P. 






from 


to 


3 


at the first place 


31 32 


24.92 


6 40 


at the second place 


32.01 
30.19 


25.76 


6.25' 


at the third place 


23.54 


6.65 



I accept four sorts of grains: 
Sort A: grains larger than 2 mm. 

Sort B: grains smaller than 2 mm. and larger than 1 mm. 
Sort C: grains smaller than I ram. and larger than 7j niro- 
Sort D: grains smaller than \/, mm. 

The grains were separated by sieving and the quantity was weighed. 
The results are found in the following tables: 



FIRST PLACE. 



^ta4e*'' Sort | Sort , 
in meters * 



+ A.P. 



B. 




31.12 


0.18 


0.39 


38.7 


60.7' 


30.42 


0.17 


33 


35.5 


64.0 


20.38 


0.43 


0.66 


41.2 


57.7 


28.38 


0.45 


0.75 


41.7 


57.1 


27. G2 


0.87 


0.74 


45.9 


52.5 


26.52 


0.93 


1.58 


47.5 


50.0 


25.42 


2.80 


1.88 


46.0 


49.3 
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SECOND PLACE. 



Depth of the 

sample, in 

meters + A. P. 


Sort 
A. 


Sort 
B. 


Sort 
C. 


Sort 
D. 


31.36 


0.25 


0.56 


39.2 


60.0 


29.56 


0.58 


0.58 


37.8 


61.0 


28.56 


0.61 


0.92 


42.3 


56.2 


27.56 


1 83 


2.80 


44.3 


51.1 


26.56 


3.50 


2.78 


44.5 


50.2 



THIRD PLACE. 



Depth of the 

sample, in 

meters -f A. P. 


Sort 
A. 


Sort 
B. 


Sort 
C. 


Sort 
D. 


28.04 


0.09 


0.52 


29.8 


69.6 


27.04 


1.25 


2.83 


29.5 


66.4 


25.04 


2.79 


2.92 


34.6 


59.6 



These lists show that indeed in the higher parts of the sand bed 
are more small grains and fewer large grains. So the question is 
decided in favour of the sand b. 

It occurs to me that we may accept : 

1** . that the groove originally was the bed of an old branch of 
the Meuse. However this river did not wash away sand from the banks. 

2"^. that afterwards the groove has been filled up with sand b. 
As I remarked already, this speciiic is not at all universal, but can 
only give an inditration in some cases. 

Finally a remark. The glacial sheet being retired the glacial 
period ends for our country. Meanwhile we know that afterwards 
another approach of the glacier came, which did not reach our 
country. As Dr. van Cappelle remarked already, interglacial deposits 
must exist in our country. We do not know however deposits with 
an arctic fauna and so the points of comparison fail to divide our 
postglacial diluvium. Therefore we cannot give a further deter- 
mination of the age for the deposits between our gravelous diluvium 
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and the modern formations. In my opinion it is not possible to 
make a map of our country which is strictly geological. But it is 
just for that reason that a geological survey would have to do good 
work, by finding means to conquer the difficulties. 

For the moment we must be content with a temporary division 
which 1 propose as follows: 

A. Glacial and fluviatile (fluvio-glacial) diluvium. The expi'ession 
'*preglaciar' can be applied only to the surface of the delta, where 
the deposits of the northern glacier repose on it. At the south of 
the glacial front the surface of the delta may be formed contem- 
poraneously with, the glacial diluvium. 

B. Postglacial diluvium and old-alluvium. 

Only in some cases it will be possible to draw the line. 

C. Recent formations. 

Within these geological limits only petrographical and genetical 
distinctions can be made. 

Vmlo, June 1907. 



Physiology. — ''On the adsorption of tJie smell of muscon by 
surfaces of different materiaV By Prof. H. Zwaardkmaker. 

(CommuDicated in the naeeiing of May 24, 1907). 

In 1906 H. Walbaum discovered the odorous principle of muse 
in a ketone of constitution C^ H,^ 0, to which the name muscon 
was given ^). Through the kindness of the tirm Schimmkl & Co. I 
was enabled to make some olfactological investigations with this 
preparation, which at my request was mixed with myristic acid for 
this purpose. With this fatty acid, melting at 54° C, it forms a 
mixture, containing 0.627 7o muscon which could easily be cast 
into an olfactometric cylinder of 8 millimetres lumen. Exposition of 
0.15 cm. of such a cylinder to a passing air-current of 100 cubic 
centimetres per second gives a just recognisable impression of the 
smell of muscon, a soft perfume, not admitting of further definition 
and soon grewing tiresome. With further dilution this perfume does 
not change, its charac*ter. Hence the odorimetric coefficient of the 
mixture, used by us, was 6,7 '). 



1) H. Walbaum in Schimmel & Go's Berichte, April 1906, p. 99. 

2) The odorimetric coefficient of a smelling substance, offered in a certain con- 
dition, is defined as the reciprocal value of the length in centimetres of the cylinder, 
corresponding to the so-called * threshold value'' (for olfactometric cylinders of 8 mm. 
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The olfactometric measurements showed : 

1. that the volatilised mnscon adheres strojigly to the glass walls 
along which it passes. 

2. that rubbing such a glass wall with cotton wool gives rise, 
instead of an odour of muscon, to a smell, reminding of muse. 

This smell of muse was also noticed with glass wool, cotton wool, 
feathers or paper, placed in the path, but not with asbestos wool 
and platinum sponge, the time of exposition in all these cases having 
been about 74 minute. 

This led to a closer investigation, which I undertook the more 
readily, since an investigation by J. Aitken in 1905 showed that 
the odorous principle of muse must be regarded as a gas^). Thus 
the above-mentioned olfactometric cylinder, containing 0,627 % 
muscon in myristic acid and having a length of 10 cm. and a 
diameter of 0.8 cm., was connected by means of a short brass piece 
with equally long and wide tubes of all sorts of material, in such 
a way thai these tubes could, if required, be kept at a pre-determined 
temperature by a water-jacket. The thus formed canal passed into 
an aerodromometer '), i.e. a vertical glass tube in which an aluminium 
disc is suspended between fwo spiral springs, the displacement of 
which indicates the velocity of the air-current by means of an 
empirical scale. After the aerodromometer finally followed a lai^e tin 
cone in which an electrically driven fan maintained a suction from 
the narrow towards the wide end. The connection between the 
different pieces could be removed and re-established in a moment. 

The air, passing through this system, went successively through: 

1. the olfactometric cylinder over its full length of 10 cm. 

2. the tube of which the adsorption is to be examined. 
^ 3. the aerodromometer. 

In the experiments here mentioned the velocity of the air-current 
was perfectly constant; 84cm.' passed per second. Each exposition 
lasted accurately 5 minutes. Between the experiments the olfactometric 



lumen, i.e. 5 cM* cross-section). Gf. on this point Physiol, des Geruchs, Leipzig 
1895, p. 185. The significance of this coefficient, which rises and falls with the 
smelling power of a substance, is at once seen, when one recognises the close 

relation between it and the quantity b in Fechner*s celebrated formula 7 = klog y 

(Psychophysik 11, p. 13^. It deserves notice that the odorimelric coefficient of 
muscon in liquid paraffine is zero. 

^) J. AiTKEN. Evaporation of musk and other odorous substances. Proc. Roy. Soc. 
Vol. 25, p. 894, J 905. 

«) H. ZwAAHDEMAKER. Arch. f. Anat. u. Physiol. (Physiol Abth.). 1902, p. 417, 
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cylinder was always kept closed, while controlling experiments with 
an entirely similar cylinder of pure myristic acid showed that by 
this alone no lasting adsorption of odour is pmdnced. 

Adsorption of odour appeared to be entirely absent with some 
materials (porous porcelain, carbon, ebonite, steel, iron), with others 
to exist in a small degree (aluminium, silver, sulphur), with othere 
again to exist in a more or less considerable degree (tin, copper, 
nickel, glass, lead alloyed with tin, lead). Judging by the impression 
received immediately after the experiment, the substances may be 
arranged in the following series of increasing condensation : 

Porous porcelain *, arc lamp carbon, ebonite *, steel, iron, alumi- 
nium*, silver*, sulphur*, tin, copper, nickel, glass, lead alloyed with 
tin, lead. 

The substances marked with an asterisk are not entirely odourless 
at the temperature of the room. 

The first members of this series have no adsorption odour whatever 
after the n^uscon-containing air lias passed for five minutes, nor do 
they acquire it by heating. The final members, especially tin, copper, 
nickel, glass and lead have a. distinct adsoiption odour which during 
the first minutes or even hours has an unmistakable muscon character. 
At last, however, a change takes place, consisting in : 

1. an alteration of the quality of the odour, so that finally it 
resembles muse. This holds for tin, copper, nickel, glass, glazed 
porcelain, lead alloyed with tin, lead. 

2. an increase in the smelling |)Ovver of the adsorption odour, 
so that for lead, at any rate, a maximum is obtained after about 
3 X 24 hours. 

3. a subsequent decrease in the smelling power, so that finally 
the tubes lose all odour. 

Free from any acquii-ed odour the tubes become: 
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Meanwhile these figures have only an approximate value, since the 
temperature of the room varied considerably during the last spring. 
In the first place I investigated whether the adsorption of the muscon 
odour must be explained as an electrical phenomenon. The muscon 
gas, led over a sensitive electrometer, appeared to impart no charge 
to it, but it is not impossible that the method was not sensitive 
enough for this purpose. Therefore in the above described apparatus 
numbered nickel-plated copper tubes were placed, facing an insulated 
axially mounted steel rod of 3 millimetres thickness, so that an air 
condenser was formed with a distance of 2.5 millimetres between 
the cylindrical charged surfaces. The odd numbers are charged +, 
the even ones — from the 220 volt continuous current main. Each 
time, the exposition lasted a minute, the dielectric carrying the muscon 
passing in the ordinary way at a rate of 84 cm.' of air per second 
The cylinders appeared to have assumed the odour of muscon with 
about the same intensity, to acquire later an odour of muse in the 
same manner and to lose this in about the same time. The com- 
parisons between the tubes were made by three observers, trained in 
these experiments and independently of each other. ^) 

Next the influence of temperature was investigated, first on the 
adsorption and next on the change of the smell of muscon into that 
of muse. For this purpose tubes of an alloy of lead and tin were 
exposed for ten minutes at 0"*, 13° and 100^. 





immediate impression 


odourless in 


exposition at 0° 


strong smell of muscon 


5 days 


» >> 13 


distinct smell of muscon 


2 „ 


„ 100^ 


no smell of muscon 


1 day 



Then numbered, nickel-plated copper tubes were exposed during two 
minutes to the ordinary air-current, passing over the muscon-myristic 
acid. The odd numbers were placed in the ice-box, the even ones 
were left to themselves at the temperature of the room, each placed 
in a wide-necked glass stoppered bottle. After 24 hours there appears 
to be no statistical difference of any importance. All cylinders whether 
even or odd, appear to have assumed a smell of muse in a distinct 
though feeble degree. So the temperature coefficient of the surface- 
action, exerted by nickel on the phenomenon of the transition of 
muscon into muse, cannot be great. 

1) One of these observers has an ordinary* acuteness of smell for the odour of 
muscon, but cannot state with certainty the transition of muscon into muse. He 
also has in other respects strongly deviating peculiarities of his organ of smell 
which will soon be extensively communicated. 
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Finally I wish to state that capillary glass tubes of 1 mm.* cross- 
section, after air, carrying muscon, had been passed through them 
for five minutes, did not show a perceptible change of surface tension 
with water (the tension being measured by the height of the water 
column) and that repetition of the other experiments with tubes, 
heated beforehand and with air that had been dried by means of 
calcium chloride and cotton wool, gave no deviating results. 

At present it is impossible to give a theory of these phenomena. 
As a preliminary working hypothesis one might suppose the adsorbed 
muscon to be dissolved in the layer of condensed water vapour and 
air which covers all objects and it might be further assumed that 
the change of muscon into muse only then takes place at a percep- 
tible rate when the surface action of the metal, of the glass or of 
the glazed porcelain produces a particularly great density of the 
dissolved muscon in immediate contact with the surface in question. 
This hypothesis is in harmony with equilibrium experiments, made 
with dried air at 0**, 10°, etc.. These experiments are in progress 
but not completed yet. 



Physiology. — ''On the adsorption of the smell of mmcon by 
surfaces of cUferent materiaV\ By Prof. H. Zwaard£Mak£R. 
Continuation of a former communication. 

When air, charged with muscon, is passed through tubes of an 
alloy of lead and tin, in the manner described in the communication 
of May 24, the inner surface of these tubes appears to adsorb 
muscon in quantities, the amount of which may to some extent be 
estimated from the time, during which the tubes preserve the odour 
of muscon. This assumption is based on the supposition that the 
adsorption takes place in one and the same dissolving substance, 
namely the condensed layer which is said to cover all objects. 

•The dilution at which the muscon is present in the air in these 
experiments, can be kept constant when the current velocity is 
controlled by means of an aerodromometer. Moreover, it miay vary 
between certain limits, since experiments, made to this purpose, 
showed that it makes no difference in the results whether the muscon, 
volatilised per second from the smelling source, is contained in 
42, 84 or 126 cc. of air. Tubes of lead, alloyed with tin, lose under 
similar conditions the adsorption odour in the same degree and in 
the same time, say 5 to 6 days. 
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Under the just stated conditions the adsorption equilibrium is 
reached at a temperature of the room of 19^ centigrade in about 
ten minutes, as will appear from the following table: 

after 1 min. exposition odourless within 1 day 



„ 2 
„ 3 
„ 4 
„ 5 
„ 10 
„ 20 



after 



1 „ 

2 days. 

3 „ 

4 „ 

5 „ 
4 .. 





ADSORPTION ODOUR. 








Preceding 
Exposition 


at 0^ 


at 20^ 


at 40' 


at 60^ 


at 100^ 


5 min. 


8 days 


3^5 days 


2 days 


n/s days 


1 day 


10 . 


10 „ 


5 „ 


3 . 


2 n 


2 days 


15 „ 


a little over 10 days 


a little over 5 days 


4 „ 


2 n 


2 . 



Nickel-plated copper tubes, treated in the same way, show saturation 
after an exposition of about 5 minutes, it making no difference 
whether this takes place at 0"*, 20** or 40*^. Complete loss of adsorp- 
tion odour was found in these cases after respectively 4, 2 and 2 days. 

From these experiments follows that a higher temperature during 
the exposition causes the state of saturation to be reached only little 
sooner, but that the degree of adsorption is much smaller at a higher 
temperature. This proves that with higher temperatures the equilibrium 
is shifted in the direction of minimum adsorption. 

The facts, stated until now, agree very well with the hypothesis 
of a solution of muscon in the layer of condensed water- vapour, 
carbonic acid and air which covers all objects. Assuming this, we 
are led to believe that on nickel-plated copper this layer is thinner 
than on lead, alloyed with tin, and that consequently in tile former 
case the equilibrium during exposition is reached sooner than in the 
latter, while temperature has the same influence on them both and in 
the same degree. The fact that tubes, heated beforehand and treated 
in dry air, give the same results, is not at variance with this since 
we may not expect that the condensed layer will by this treatment 
be completely removed. Also the transition of the smell of muscon 
into that of muse must take place in this layer, the only curious 
point being that temperature has so little influence on the rate of 
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this pi-ocess of transition which yet must be of a chemical nature. 

But a great diflicnhy to the theory arises from the fact that ad- 
sorption of odour on metal surfiU'cs appeal's to be a general pheno- 
menon. This appears from similar systematic experiments as with 
muse for two other characteristic smelHng substances. I chose ionon, 
a substance dissolving in water as well as in liquid air and scatol, 
a substance for which this has not yet been investigated. 

Ionon, when diluted 1 to a million in an aqueous solution of 
0,5 "/, antifebrin, and evaporating into a passing air-current which 
in the well-known maimer passes through cylinders of different 
material, leaves an adsorption which disappears almost immediately 
with porous porcelain, arc-lamp carbon, glass, silver, sticks to tin 
for a very short time, to lead, containing tin, scarcely for a day 
to nickel and copper for about two days, to aluminium for 27, days 
and to iron and steel for about four days. 

Scatol, when dissolved in proportion of 1 to 1000 in liquid paraffin 
and evaporating into passing air and passing in the well-known 
manner through cylinders of different material, leaves an adsorption 
which disappears almost at once with porous porcelain and arc-lamp 
carbon, in a few hours with glass, sticks to lead, containing tin, to 
lead, silver and tin for about a day, to copper 3 days, to iron 4 to 
5 days, to steel 10 to 13 days, to aluminium over 10 days. 

Hence ionon adiieres most to the substance which does not take 
up muscon at all, i.e. to steel; scatol most to aluminium which 
shows a comparatively very small adsorptive power for muscon 
(aluminium does not keep muscon for 24 hours). 

In order to explain these deviations one is forced either to assume 
a peculiar modification of the solubility, caused by the dissolution 
of the specific metallic particles in the condensation layer, or to 
assume an absorption in the metal itself. To me it would seem that 
the collected facts do not at present admit of a choice between these 
two possibilities, although the small influence of the muscon density 
in the air would point to an adsorption compound with the metal. 
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Physics. — ''Contribution to the theoin/ of binary mlvtures'' V. 
Bj Prof. J. D. VAN DER Waals. 

Continued. See p. 74. 

Up to now we have assumed in the determination of the binodal 
fine that the second component, for which the quantity b is larger 
than for the first component, has a lower critical temperature, so 
that we suppose Cl\\<CiTic)^, In the opposite case, so fJjbj, X7^)l, 
we meet with some new complications, which we shall shortly 
discuss. So we choose now a region from the general p-figure, 

which lies more to the right, and in which the line f — ) = is 

found. Fig. 14 of These Proceedings. April 26, 1907 may be ser- 
viceable for this discussion. In this figure the points 1, 2, 3, 4, 5 
and 6 are points of the spinodal line. If we had inserted the spinodal 
line itself in the figure, this curve would have an ordinary shape 
on the vapour side, remaining all the time at larger volumes than 

fdp\ 
those of the line ( — ):=0. But on the liquid side the normal course 



of the spinodal line has been strongly modified by the presence of 

the line — =: 0. On the left-hand side it begins in the point 

dp 

— = of the first component, proceeds then to smaller volumes, 

dv 

d\]j 
till the presence of — =^ forces it back to very small volumes, 

dx^ 

and is the cause that the distance between the spinodal line and the 

dp d'lf^ 

line — =0 is abnormally enlarged. In the points where — = and 
dv dx* 

d'lh d*%p 

= intersect, the spinodal curve touches the curve = 0. 

dx dv dx^ 

Two plaitpoints occur, viz. the realisable plaitpoint at very small 

volume, and the hidden plaitpoint in the neighbourhood of the points 

2 and 3. This hidden plaitpoint lies in this case on the left-hand 

side in accordance with the shape of the (/-lines. In fig. 17 this 

hidden plaitpoint lies on the right-hand side, and the shape of the 

dp 
flr-lines in the region where — is positive, is such that there is a 

dv 

qAine which may be drawn tangent to the spinodal curve, the 

hidden plaitpoint being the point of contact. In fig. 17 the (/-lines 

8 

Proceediiigs Royal Acad. Amsterdam. Vol. X. 
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in this region turn their concave side to the axis of the 1"^ component. 
In the case to be discussed now they turn their convex side towards 
the 1^' component, and hence the hidden plaitpoint must lie on the 
other side, as a point in which a j-line touches the spinodal line in 
the unstable region. The drawn qAine intersects the spinodal line 
in 6 points, and the p-line, thought as function of v, must have 3 
maxima and 3 minima, when this ^-line is followed; a maximum 
value in the points 1, 3 and 5, a minimum value in the points 2, 
4 and 6. In fig. 20 this p-curwe is represented and the different 




Fig. 20. 



branches of this line are indicated by the letters a . , . g. The branches 



a and / traverse the region where — - is negative, and accordingly 



dp 
have two points each, where — = od. The complication which the 

dv 

p-line presents in this case compared with the jp-line of fig. 16, 
consists only in this that the branch e, which before ran directly to 
infinity and continually to smaller volumes, has now got a maximum 
in the point 5, and as soon as the ^-line passes into the region 

where — is negative, runs back to larger volumes. In the point 6 
da* 

the minimum value has been reached, which however must be larger 

than the maximum value of the pressure in the point 3. If the 
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value of q is lowered, the points 6 and 3 draw nearer to each 
other, and they coincide for the loop-j-line which passes through 

the point of intersection of — ^ = and -—^ = 0. Then the bran- 

da* dxdv 

ches c and d intersect at an acute angle, just as the branches /and 
g. When q is lowered further, and the g^-line has split up into two 
separate portions, the p-line too divides into two separate parts; the 
branch g is then the continuation of c, and the branch / the con- 
tinuation of d. Fig. 21 illustrates the course of j> as function of v 




Fig. 21. 

for such a gr-line which has divided into two separate portions ; then 
the branches c, gy which have united to one branch cut the united 
branch d, /, and the branch e. 

When applying Maxwell's rule for the determination of the binodal 
line we are confronted with some difficulties, which I will now 
discuss. Already when the />-line runs as is represented by the 
branches e, f and g in fig. 20, so when the middle one of the 3 
branches cuts one^of the outside lines, we must pay proper attention 
to the sign of the areas when applying the rule for drawing Maxwell's 
line. If the straight line is drawn lower than the point of intersection 
of e and /, the area below this line, which according to the rule 
must be equal to the area above this line, must of course be all 
that is contained between the branches g and / below this line. 
But the area above the line, which consists of two parts, viz. the 
area of the loop, and the part that lies below the double point above 
the line, must not be considered as the sum of these two parts. On 
account of the branch / running back, the latter part must be taken 

8* 
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negative. This may be considered to be sufficiently self-evident and 
not to require an elaborate proof. But when the q-line has divided 
into two separate parts, and when the p-line runs as is represented 
in fig. 21, we meet with another difficulty, which indeed, calls for 
a somewhat closer discussion. The joined branches c and g form a 
curve which cuts the branches d, e and /, which have joined to a 
loop-like curve, in two points, but such a point of intersection must 
really be considered as two altogether different points. Such a point 
of intersection represents two perfectly different phases according as 
it is considered as point of c, g or of c/, e, /. Hence when drawing 
the straight line we must bear in mind that the point of intersection 
of c and d and of e and g does not represent the same phase, and 
if the line is drawn as in fig. 21, where the two hatched areas are 
equal, the points at the extremities of this line are not points of the 
binodal line. To see how the straight line must be drawn in such 
cases we revert to the general equation: 

dM^lA^ = vdp — adq. 

Now to get from one point to the point with which it coexists, 
we can no longer follow one (/-line, but we shall partly have to 
follow a way which joins the two separate branches of the g^-line, 
and for this we choose the isobar of the point of intersection that 
the branches c, g and rf, / have in common. We obtain then the 
equation : 

vdp — jxdg, 

e e 

where in I vdp the value of i; must be taken which corresponds to the 

chosen value of q, and in jxdq the value of ^ which corresponds to 

that /;-line that passes through the point of intersection. Let us call the 
value of the volume of the point of intersection v, and the values 
of X for the points where the isobar of the point of intersection cuts 
the two branches of thej-line, a*, andci\. The above equation assumes 
then the following form : 

(^if^i)c — (-Vifii)e = p {vc—ve) — jpdv \ — \q (^,— ^i) — J grf^ . 
Now if {M^(ii)c must be = {Mi(i^)ey then p {Vc — Ve) — I pdv 



is 
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not equal to 0, but to q (a?, — x^) — I qdx. For the loop-^-line the 

1 

length of the isobar along which Ixdq must be taken, is equal to 0, 

and a?, and c^^ coincide. For a qAme of lower degree a?, and a?j diifer. 
In the above equation it is supposed that branch e is taken as starting 
point, and that a course is followed necessary to reach branch c^ 
The point from which we start, lies on the closed circle of the g^-line 
and in the stable region. We now follow indiiferently either the 
lowest branch of this circle or the highest, but dependent on the 
pair of coexisting phases that is to be determined. Let us suppose 
that we follow the lowest course, then we get to branch d, and 
meet the point of intersection of the isobar which we must follow 
to meet the other branch of the g'-line in a point which has equal 

volume Vg, As this isobar must pass through the line ( — ) = 0, 



where maximum volume exists, the equality of the volumes Vs is 
possible^), but the values of x which we have called x^ and x^, 
are different, viz. x^<C^x^, For Xy^ the value of q is the chosen one 
and for x^ the value of q is again the same. Between x^ and x^ 
this value is variable. Now : 



^dq\ _ d> 
\dxjp dx^ 



d'tp dv 
dadv dxp 



or 

fdq\ dtV* dv* \dxdvj 



dv* 



tp /dg\ 

— (see fig. 14) being positive, ( — 1 is positive outside the spino- 

u* \dxj 



dal line, and negative inside it. Along the p-line, starting from smaller 
value of X, the value of q is, therefore, increasing, maximum on 
the spinodal curve, then decreasing, minimum on the spinodal curve, 
after which it increases continually, as represented in fig. 22. 



^) The same observation holds for all points which are points of intersection 
of different branches of the p-line in figs. 90 and 21. In such a point of inter- 
section p and V are equal, and this could only occur when the phases denoted 

dp 
by such a point of intersection lie on either side of the line - - = Q. 
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Now: 



e 2 

or 

i pdv—p (vc^v^) = — I j qdx — q (a^—a^) ! . 
< 2 

For the loop-g-line x^ and .r, coincide, and for a g'-line but little 

lower Iqdo! is larger than q(:i\ — x^). As x^ always lies on the left 
a 

of the value of x for which q has minimum value, I qdx'^ q {Xy^ — x^ 

2 

always holds. From this follows that for the lowest pair of coexisting 
phases of fig. 21 the straight line must be drawn in such a way 
that the area of the hatched part above this line, to which the area 
of the hatched part of fig. 22 is added, is equal to the hatched part 
of fig 21 which would lie below this line. So the pressure of the 
lowest pair of coexisting phases for this (/-line is greater than would 
follow from the application of the rule if the point of intei*section 
of c^g and d,f was an identical point, or rather represented one 
and the same phase. But we shall not pursue this course any further. 

Now that we are obliged to include the quantity I xdq in our con- 
siderations, we can find the coexisting phases for the liquid volumes 
in a simpler way by the aid of this quantity. For such volumes lie 
on a pAme which can be followed without interruption when we 
proceed from one point of the pair of coexisting phases to the second 
point. And when we proceed along a 2^-line d i/j (ij = — .i? dq, and 

so (M^ (ij), — (ifj (ii)j = — \ xdq. Hence we need only choose two 
points on the chosen |)-line, satisfying the requirement that — I xdq = 0, 

or 

q (a?,— .r^) =, \ qdx. 

Then we have to carry out the same construction on the j-line 
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to was carried out above on the />line, and so for the p-line, for 
which fig. 22 would represent the course of the ^-line, we have to 




Fig. 22. 

draw a straight line in such a way that its height indicates the 
middle value of the ordinates of the g'-curve. That from the outset 
we have not followed this course for the determination of the 
coexisting phases in which the values of a?, and x^ for given value 
of p are determined, is due to the fact, that this way of determina- 
tion is again possible without correction term only when the whole 
p-line is found between the two coexisting phases without interruption 
in the v , a?-diagram ; and as for the equilibrium between vapour and 
liquid phases as a rule this condition is not satisfied, and as it is 
only by way of exception that the q-line has split up into two 
branches, the determination of coexistence by the first mentioned 
method may as a rule be considered as possible. But nevertheless, 
in some cases the determination by means of the properties of the 
value of q, following a p-line, is to be preferred. If we do so in 
the case discussed for tlie determination of the coexistence of a liquid 
phase with a second liquid phase, we must choose every time other 
p-lines, and along each of these p-lines the course of g as function 
of :t? is as drawn in fig. 22; and with the simple shape of such a 
qAine there, is only question of a single straight line along which 

9c(«,— «i)= I qd^' The binodal curve for the coexistence of liquid 

I 
with liquid has therefore a simple shape and is restricted to the 
stable region. 
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Indeed, this was also to be derived from the p-flgure (fig. 20) 
where the branches / and g must lie higher than the branches c 
and d, and therefore can never combine for the application of the 
rule for coexistence; but then only for those g'-lines which are or 
higher degree than the loop-g-line ; whereas the rule for finding the 
conditions for coexistence from the values of q when a p-line is 
followed, holds for all /^-values without exception. Let us consider 
the case that this part of the plait has got quite detached from the 
transverse plait as a closed longitudinal plait, and has the two 
realisable plaitpoints, then a highest and a lowest p-line may be 
drawn, along which the maximum and the minimum in the g^-line 
have coincided, and in the point w^here they coincide they yield the 
value of X for the two plaitpoints. 

We had already repeatedly occasion to call attention to the reci- 

procity between — and — , and between q and » or — and — -. 
* ^ dx^ dv^ ^ ^ dx dv 

Let us also do so in the case discussed. Here we have intersection 

in two points of — = and = 0, and it appeared that then 

dx^ dccdv 

separate portions of 5^-lines occur, so that it was not always possible 

to pass without a leap from one part of a g-line to another part of 

such a line. Then it is desirable for the determination of the coexisting 

phases not to follow such a ^-line, but on the contrary to go along 

a p-line and to use the corresponding value of q. The reciprocal 

case is found in case of intersection of — = and := 0, in 

c?r' dvdx 

which case the course of the p-lines is as is indicated in the middle 

region of the general />-figure. Then there are /;-lines, namely those 

of higher degree than the loop-/>-line, which have divided into two 

separate parts; if we followed a /;-line also then, in order to arrive 

at the coexisting phases by means of the values of y, we should be 

confronted by the same difliculties as we have met now when 

following the g'-line. If for a /;-line of lower degree than the loop- 

;)-line we draw the value of ^, then such a con rse for g^ follows from 

d> d'^ /dhp Y 

(dq\ dx^ dv^ \dxdvj 
— I = , as has been drawn in fig. 23, where 

the 1'^ , 3'**^ and 5*^^ branches lie in the stable region, and the 2"^ 
and 4'*^ branches lie in the unstable region, if we take into account 
that such a /j-line passes 4 times through the spinodal line, in which 
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points I — I =: 0, and also 4 times through the line — — = 0, in 
\dxjp dv^ 

which points ( — ) =: od. Only for the loop-p-line the second minimum 
\d.cjp 




Fig. 23. 

coincides with the first maximum, but for lower p-lines it lies higher, 
as in the drawing. We have exactly the same shape for q as func- 
tion of a', as in fig. 20 for /> as function of v. Only one figure must 
be turned over to cover the other, in accordance with the circum- 

rft(> dtp 

stance that q =: — and /; = . The combination c, d and e 

^ da ^ dv 

now yields a pair of coexisting phases, and tne combination e, / 

and g another pair. No other combinations are possible; and we 

should be justified in concluding that the binodal line has a simple 

course and remains limited to the stable region. But this conclusion 

would be perfectly valid only for all pressures not higher than those 

of the loop-/;-Iine, though there are also coexisting phases with higher 

value of p. In this case it is certainly preferable to follow a 5^-line, 

and to construe p as function of v, wiiich we have called preferable 

already above for other reasons. We know that then a highest 

pressure exists for the coexisting phases, viz. when x^ = x^ ; this is 

dp 
only possible if the chosen j-line passes through the line — = 0, 

dx 

for only then this is the case for values of .r within certain limits. 

From this circumstance of the reciprocal case we conclude that in 

d'tfj dp 

(he case under consideration, in which — = is cut by — = 0, 

dx^ ^ da ' 
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there is a minimum value of q for the coexisting phases, viz. it 

v, = t^i . Then the line joining these phases runs parallel to the 

X-axis, just as it runs parallel to the r-axis in the reciprocal case. 

This too can only occur, if the coexisting phases lie on either side 

dp 
of the line — = ; for the isobar that passes through the two points 

ax 

of coexistence, can only have two equal values of v if between them 
maximum or minimum value for the volume occurs. The equality 
of Vy^ and v, for minimum value of q^ to which we have concluded 
from the principle of reciprocity, follows from the simple equation, 
which holds for two successive points of a binodal curve, viz. : 

(r, — v^) dp = («, — .t,) dq. 

For a pair of coexisting phases M^fi^ is the same, and for a following 
pair of such phases dAf^fA^ is also the same ; now the above equation 
follows from dM^iA^ = t\dp — x^dq = v^dp — a^dq. If a?, — «, = 
and v, — r, is different from zero, then dp must be = ; in the 
same way dq = involves the equality of v, and i^^, if dp is not 
equal to 0. We can also derive from this equation, how the nodal 
lines lie on either side of the special nodal line for which .r, = .r^ or 
i;, 1= Vi, i. e. to which direction they diverge in a fanlike way. Let 
us first consider the case .r, =:Aj, so maximum pressure on the 
vapour-liqnid binodal curve. On the left of this nodal line the sign 
of ?\ —Vi is positive on the vapour side, and the sign of dp, if we 
do not limit ourselves to an infinitely small value of dp, negative. 
Then also the sign of (.r, — .r,) dq must be negative, and the sign 
of dq being negative, x, — a\ must be positive. On the right of this 
nodal line the sign of v^ — 1\ and of dp must be what it was in 
the preceding case ; but dq now being positive, x^ — .r, is negative. 
So the nodal lines converge towards the vapour side. It would be 
just the reverse if the pressui'e was minimum for a?, =: x\, for then 
dp is positive. Let us now consider the case y, = ^1, so minimum 
value of q on the liquid-liquid binodal curve. Let us choose the 
right side, so where ^r, >a;i, and let us ascend, so put dp positive, 
then q being minimum, dq will be positive. The second member is 
positive, and so we find t\ — v^ positive, whereas for negative dp 
the value of r, — v^ would be negative. So the nodal lines converge 
towards the right side, and we may consider the nodal line for 
which r\ = v^, as axis of such a converging pencil. This shows us 
at the same time how and where the plaitpoints must lie. As the 
tangent to the binodal curve in the plaitpoint is to be considered 
as the limiting dii'ection of the nodal lines^ both the pAine and the 
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g-line must have such a course in the upper plaitpoint that they 

descend towards the right, which moreover could be put k priori. 

dp 
For every (/-line when it still lies above the line — = 0, and does 
^ d.v 

not pass through — = 0, descends when it proceeds towards the 

right. But in the lower plaitpoint, i. e. in the plaitpoint with the 

dp 
larger volume that, lies below the line — =0, the g'-line which touches 

dx 

in that plaitpoint, must descend as it proceeds to smaller value 

of A', in accordance with the course of the nodal lines. We should 

also have found this course of the nodal lines confirmed, if we had 

paid attention to the course of the ^-lines. 

Everything we have discussed in this V**> communication rests on 

dp d*ip 

fig. 14; SO we have thought that — z=0 and -—-=0 intersect. There 

dx da^ 

is, however, also a possibility, and it will even be the rule, that the 

two curves exist, but do not intersect. Then two cases are to be 

distinguished, viz. that — = remains restricted to smaller volumes 

dx^ 

dp 
than those of — = 0, or to larger ones '). When tracing the two 
dx 

curves with respect to each other we must take care that the points 

in which tangents may be drawn to — = parallel to the v-rx\s, 

dx* 

d}p dp 

lie on the line — = 0, and that also the point in which — = 
dx^ dx 

d^p 
has minimum volume, lies on this line too. Now the line -^=0 

dx^ 

dv 
has a simple course. The value of — for this line is equal to 

dx 

db 3 ^ d'p 

r. rrom this follows that this line — = consists of a single 

dx ^^^i dx' 

V 

branch, which from a point of the 1^^ axis moves regularly to the 

dp 
right to points of continually larger volume. So if the line — = 

dx 

cuts the line — - = 0, the two points in which tangents parallel to 



1) See These Proceedings April 26, 1907, p. 833 seq. 
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the «;-axis can be drawn to — = 0, and the point where — = 

da^ ' ^ dx 

has minimum volume must lie in such a way, that the last point 
lies between the two first mentioned. If the line —^ = is restricted 

II • ^ ^P ^ ^'^ 

to smaller volumes than — z= 0, then — = must also lie at smal- 

dx dx* 

dp 
ler X than the point where — = has the smallest volume and the 

dv 



... 4^=0 




Fig. 24a 



Fig. Ub 






Fig. Uc 



reverse; this has been represented in fig. 24a, fig. 246 and fig. 24c, 

but has not always been kept in view in preceding schematical 

figures, which were plotted for the representation of other particularities. 

After these remarks we may examine more in details what happens 

fdp\ ^ d*^j 

when I — = and — = intersect, and the temperature is raised. 
\dxj dx* 

rr, ^'^^ 

With rise of T -— = contracts to the point in which this curve 



dx 



dp 



must disappear. Also the curve — =0 contracts. If the point in which 

dx 



d*\p 



dp 



- = must disappear, lies at smaller volume than — = 0, then 
dx* dv 

d*^y 
with contraction of — =0 the right-hand point where the latter curve is 

dx* 

directed //r-axis, will have to pass through the minimum volume of 

dp 

dx 



=0. Even then there is still intersection, but with further contraction 



the two curves will touch, and get detached. Above the temperature at 
which they touch, the complicated course of the g-lines has disappeai'ed 
in so far that no g^-lines occur any more which have split up into 
two separate branches ; then we get a group of j-lines as drawn in 
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fig. 3, These Proc. March 30, 1907 with a maximum and a raini- 

dp 
mum volume, but moreover when thcv afterwards cut — =0, with 

da 

d^^j 
a maximum value of x. Hut when the poim in which -— =0must 

disappear lies at larger volume than — =0, then with rise of 7' the 

dic 

left-hand point where — = is directed parallel to the i;-axis, must 

da^ 

dp 
pass through the point where — =z has minimum volume. Then 

d,c 

intersection still takes place, but with further rise of T the curves 

touch and get detached — and then the y-lines run as has been 

J'lfj d*^ 

drawn in fig. 5. So contact between — = and — ::=0 may 

dx* dxdv 

take place in two ways and we may already conclude to this from 

dv 
the condition for contact. From the equality of — for the two curves 

dx 

follows namely: 



d'lp d'p _fd'py 
dx* dxdv \dx*J 



d*p dp d'tp 

The value of being negative for the points of — = 0, — - 

dxdv dx dx* 

must be positive in the point of contact. That is to say, that for 

the curve — - = the point of contact must lie to the right of the 
dx^ 

line which joins the minimum and the maximum volume. Only with 
the two kinds of contact which we have described, this condition 
can be fulfilled. If the first described contact takes place, the mini- 
dp 
mum volume of — = must lie to the right of the point of contact. 
dx 

In the second case of contact this point must lie on the left, or 

dv 

even be entirely wanting in the figure, in which case — is positive 

dx 

in all points of the line "^ = 0. 

dx 

From all this follows that if the spinodal curve entirely envelops 

d> 
the curve — - = in a closed line, and the latter remains entirely 

dp 
restricted to smaller volume than the volumes of -- = 0, there are 

da 
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indeed still two realisable plaitpoints on this spinodal line, but that 
the course of the nodal lines in all this longitudinal plait is as was 
the case in the upper half of the above discussed longitudinal plait 
— so that in both plaitpoints the tangent />-line and the tangent 
g'-line descend to the right. All over this longitudinal plait v^y>v\y 

if v, represents the right-hand point of coexistence. But if — = 

da* 

dp 
remains restricted to volumes larger than those of — = 0, the course 

dx 

of the nodal lines is such that v, <C ^i> and the plaitpoint has such 

dv dv 

a situation that — and — is negative for the p-line and the g-line 
dxp dxq 

which pass through the plaitpoint. I speak of the plaitpoint, because 

I think I can demonstrate that then there cannot be question of two 

realisable plaitpoints, nor of a detached closed longitudinal plait. 

dv dv 
For when a spinodal line splits up, not only — - = -— in this split- 

(Lxp dXq 

d^v d*v 
ting point, but also -r-p = ^r = 0. Properly speaking I have already 

(m! p dx q 

discussed this point (These Proc. April 26, 1907 p. 848), but on 

account of the great importance of the question further elucidation 

is perhaps not uncalled for. The following remarks may serve for . 

this purpose. 

Let us in the first place consider a mixture represented by a 

region of the general p-figure lying on the right side, and so much 

dp 
to the right that the point where — = has minimum volume, no 

dx 

longer occurs, or lies at very small value of a?. Then the point where 

— = disappears at T^=iTg, because it must lie on the line 

d^p dp 

— - = 0, lies at smaller volume than those of the line — = 0; and 

dx* dx 

if this curve is still found at temperatures below Tgy the points in 

wh 

dp 



dp 

which this curve intersects the line — = 0, lie in the region where 

dv 



is negative. If we now suppose that the temperature rises, and 
dx 

the spinodal line might split up, this splitting point must lie between 

d'lp dp 

the larger volumes of — = and the volumes of — = 0, so also 

dx* dv 

dp 
in the r^ion in which — is negative. Now the question is if in this 

dx 
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region a point of inflection of the p-lines and of the g^-lines can lie. 

It appears from what has been observed about the loci of these 

points of inflection (These Proc. iMarcli 30, 1907 p. 736) that this 

is possible for the ^-iines. But from wimt has been observed on 

the course of the locus of the points of inflection of the p-lines 

(These Proc. Febr. 23, 1907 p. 628) appears that in the stable part 

of that region no point of inflection can occur for these lines. 

Let us now take the other case, viz. that the point with minimum 

dp 
volume of — = exists, and is not found at very small value of a:. 
da 

If the spinodal line has split up into two parts, then there is a part 

dp 
which we might consider as belonging to — = 0, and another part 

dv 

d^ip 
that surrounds — = 0. Now the splitting point lies again in the 
da* 

dp 
r^on where — is negative, but in a part of that region where as 
dx 

well points of inflection of the p-lines as of the j-lines may occur, 

dp d'lp 

at least if — = still intersects the curve -— - = 0. Two branches 
da da* 

d^v dp 

on which = 0, start from the point in which — = cuts the 

da*q da 

d'lp 
curve — - = 0. One of these branches passes through the region 



da* 
d^* 



where — - is negative, and leaves this region only at the point where 



— = has the maximum volume. The second branch runs right 
da* 

of the loop-5-line to larger volumes. But there is also a locus on 

d^v dp 

which — r = 0> which runs right of — =0> ^Jid passes through the 
da*p da 

dp 
two following points. 1»* the point where — = has minimum 

da 

volume, and 2°^ the point where — = cuts the line — = 0. If 

da dv 

the spinodal line splits up, this will have to take place in the point 

d*v 
of intersection of the line on which — — = with the second men- 

da*p 

d*v 
tioned branch on which — - = 0. If this case of splitting occurs, 

da q 
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dp 

the detached closed longitudinal plait is cut by the line — =0, and 

da 

has the above discussed plait points. 

But though on the supposition of this way of splitting up we do 

not meet with a definite contradiction, yet there is one circumstance 

which makes me doubt whether it will occur fre(|uently or universally. 

If we draw the [)oint of intersection of the mentioned loci on which 

— =0 and -- = (), we find a point which lies on the left side 

of -— = 0, whereas after the detaching we should sooner expect 

the place of the plaitpoint with the largest volume, according to the 

course of the nodal lines, on the right side of — - = 0. Indeed, 

rf.r* 

another way of detaching is possible. The splitting may take place 

dp J'lp 

in a point on the left of — = 0. Then — = 0, which curve must 



dx dx' 

d'p 

d? 



d^) 
disappear in a point of — : = 0, must already have contracted so 
^ d*c 

dp 
far that it lies entirely in the region where — is positive. As we 

dx 

d^v 
observed before, there runs a branch on which -— - = also there 

dw^fj 

dh^ 
and for the loop-line on which - , = (These Proc. March 301907 

dx^ 

p. 736) there must be a closed figure, which has got detached from 

the branch right of -^^ = 0, because the double point, the point in 

dx 

which — = and — = 0, no longer exists. Then we have again a 

dx dx^ 

detached closed longitudinal plait, but one which is not intersected 

by — = 0, and which has two plaitpoints in which the p- and 
dx 

dv dc ... J .., 

(7-lines which touch have —- = -—=: positive, m accordance with 
i dxp dX(f 

the course of the nodal lines. In fig. 25 the circumstances after the 

splitting have been represented for this case. First of all the lines 

^ = Oand— = occur in the figiu-e; further — = 0, which 

dx dv «* 

passes through the point where -^ = has minimum volume. 
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Fig. 25. 

dp cP^ 

On the left of — = and at smaller volumes also - — == has 

dx 6W?' 

d*p 
been drawn. Where this curve passes through —-==0 it has tangents 

da 

II e;-axis. The spinodal line has split up . and the two parts have been 

drawn far apart for the sake of lucidity. One part surrounds 

d^jb dp 

— = 0, and the other part touches — = in the point in which 

'^•' dv 



dx 



dp 



this curve is intersected by — =0. Further a p-line has been drawn 

dx 

with two points of inflection. The right-hand point of inflection is of 

no importance for our case. And finally the detached branch of the 

locus of the points of inflection of the g'-lines has been drawn. Now 

d'v d'v 
too the point in which = and = intersect, is to be 



dx^ 



dx' 



expected on the left side of the spinodal curve, which has got 
detached. But for this case v, > v^ for all nodal lines of the longi- 
tudinal plait, and the second plaitpoint is really to be expected on 
the left. I suspect these two ways of detaching to be connected with 

d'tp 
the two series of values of Xn, for which - — = disappears in the 

dx' 

9 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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region where ~ is positive (These Proc., April ^26. 1907, p. 833) 

dx .***-. 

— either for a very great difference in the size of tW mplecules of 

the components, or for a ^mall difference. In the latter case the 

^P^ • . 

highest and the lon^esl points of -- — «fO are to be found" at almost 

ax* " -•— . 

the same value of x. But this is one of the many, particularities 

which is to be left to ^a later investigation.- ' " ^S."' ' 

Particularly the last describe way of splitting up of the spinodal 

dp 
curve takes place far to the left of the poin^ where — =0 has mi- 

dx 

nimum volume, and so at a value of jr^ not very different from 
that for which .r, = a:^ on the vapour binodal curve, and maximum 
pressure exists; and so this leads to the opinion that this detaching 
of a longitudinal plait is to be found for mixtures with minimum 
pressure and very different size of the molecules ; but also this sup- 
position must be further defined by a fuller investigation. 

The following remarks may serve for a full characterization of 
the course of the spinodal line before and after the splitting. Before 

ePtp d*tp 

the splitting the curves - — = and — = must be thought as 

dx* dv* 

infersecting, as in fig. 8 (These Proc. March 80, 1907), \mt th* line 

d'}p 

^----sskO as having moved to smaUer volumes. This figure holds indeed 

dx* 

t&t a kft-band region of the />-fignre, but this flgtire would change litde 

dp 
in its essential features if we also insert the line — =c in it, but 

dx 

place it on the right so that -— = is no longer intersected by it. 

ax 

For a region of the left-hand side extended towards the right is the same 

dm* 



m a region of the right-hand side extended towards the left. If — =0 



and — = intersect there is a complicated plait, with the hidden 
dv* 

plaitpoint on the right side. If now with rise of temperature the two 

cnrves get further apart, because they both confracii^ spotting np «f 

the spinodal curve does not always immediately fbflow. For ^diii to 

be brought about the curves must be pretty far apM% aad interMittM 

of -; — =: and =k must take place between the two curves, 

and the temperature must be reached at which this point of inter- 
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section lies on the spinodal line. Then a point of the left-hand side 
of the spinodal line coincides with a point of the right-hand side of 
this line, but not in the hidden plaitpoint. Consult also fig. 17 
(These Proc. May 24, 1907 p. 68). Then there are 4 plaitpoints, 
viz. Pi , P, and the double plaitpoint in the splitting point of the 
spinodal line. The course of the binodal curve on the liquid side has 
been represented in fig. 26. On the liquid side the binodal curve of 



Fig. 26. 

the vapour-liquid equilibria passes in two more points, y and d", through 
the spinodal curve. And so nothing appears yet of the detaching of 
the longitudinal plait for the experiment. Only at higher temperature 
the detached binodal curve, and then with its newly obtained plait- 
point, will pass through the binodal curve AB, and with still higher 
value of T the binodal line has split up into two quite separate 
branches. 

{To be continued). 
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Physiology. — ''Quantitative researches on phagocytosis. A contri- 
bution to the biology of j)hagocytes.'' By Prof. H. J. Hamburger 
and Dr. E. Hekma. 

(Communicated in the meeting of June 29, 1907.) 
I. Introduction and method of investigation. 

The investigations of which an abridged account is given in this 
paper *) are a continuation of those begun several years ago by one 
of us*), with the object of ascertaining the influence exercised 
by solutions of various concentration on the red corpuscles and 
other cells. These researches had been for the greatest part 
confined to the study of chemical and volumelrical alterations ex- 
perienced by the cells through the modification of their media and 
of their significance with regard to the functions of the body. But 
until now, the influence of these agents on the life of the cell itself 
had not been the object of a systematic investigation, although the 
plan had existed for some time and the expediency of the method 
had been proved '). The importance of such an investigation will be 
readily admitted. In the first place, because it enhances the value of 
the chemical and volumetrical researches mentioned above, and 
secondly, because the phenomena produced by the agency of solutions 
undangerous to life, are in fact nothing elsebut the effects of reaction, 
which finally will help us to peneti'ate farther into the chemical 
structure of the living cell. The red corpuscles, which were mostly 
used for the chemical and volumetrical researches, however, are no 
suitable objects for the study of the influence of reagents upon life, 
for they do not afford sure tests of vitality, nor is it possible to 
measure the value of their life functions. 

We therefore looked elsewhere for our material and our choice 
fell on the phagocytes, for the twofold reason that they are simple, 
isolated cells in which it is possible to follow the effect of the 
chemical exchange with their natural medium, and to rate their very 
life by quantity; besides the phagocytosis is an essential factor in 
the functions of life. In support of this latter contention, we refer 
to the important place assigned bj'^ Metchnikofp to these cells in 
the struggle of the body against disease; a theory which he has 



1) For detailed account, see "Biochemische Zeilschrift*'. 

>) Hamburger, Zittingsverslag der Koninkl. Akad. v. Wetensch. 29 December 1883. 
3) Hamburger, Het gedrag van witte bloedlichaampjes tegenover cyaaokalium, 
Bijdrage tot de kennis der celpermeabiliteit. Feestbundel voor Rosenstein, 190S, 
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defended with such admirable acumen and unflagging energy. 
According to the same investigator, the part they play in the healthy 
body is no less important. The only thing therefore which remains 
to be done with regard to these cells, is to get a nearer insight into 
their conditions of life; as yet scarcely anything is known on this 
subject, a fact mentioned with regret by Metchnikoff, in the paper 
he read last year before the students of the University of Amsterdam, 
on : ''Rations phagocytaires" *). 

The method of investigation employed by us was the following: 
White corpuscles from the blood of a horse, after having been trans- 
ported into various media, were brought into contact with carbon 
and afterwards it was ascertained what percentage of the leucocytes 
had taken up particles of carbon. This percentage was the measure 
for the degree of phagocytosis and gave the value of the injlv,ence 
of various agents on that function of life. 

These calculations were based on the principle that the phagacytorian 
power of the phagocytes present in a suspension is of unequal 
extent ; i. e. the more detrimental the action of the agent is, the 
smaller must be the number of phagocytes able to take up 
carbon. 

Our selecting a neutral indifferent substance of bacteria, had 
its ground in the fear that otherwise our work would have become 
too complicated. We here refer to the recently established fact 
that most kinds of bacteria, before they can be taken up by 
the phagocytes, must undergo a certain amount of preparation '). 
Hence it follows that not only will the intensity of phagocytosis 
be influenced by the agent as such, but also by the degree of 
preparation it has undergone. Another fact which had to be borne 
in mind, is that the bacteria sometimes secrete poisons which have 
an injurious effect on the phagocytosis. 



1) ''Nous ne sommes qu'an d^but. Lorsqu'on connaltra mieux la physiologie d^s 
phagocytes (the italics are ours) on cherchera des ra^thodes pour augtnenter ractivit^ 
de ces 4I6ments dans la lutte contre les microbes et on cherchera d*autres pour 
preserver contre Tatlaque des phagocytes les cellules nobles de notre corps. En 
poursuivant ce but, il faudra tenir compte de ce que les phagocytes sont non 
seulement les destructeurs des microbes, mais qu*i1s sont capables aussi de s*en- 
corporer des poisons solubles et de les rendre inoffensifs. Leur role n'en devient 
que plus important." 

*) Wright and Douglas, Proceed, of the Royal Society 72, 1903, p. 357 and 
later studies prepared under Wright. Further Hektoen and RCdiger, Joum. of Infect, 
diseases 2, 1905, p. 128 and other studies prepared under Hektoen. 

10* 
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The selection of the indifferent substance carbon, instead Of the 
usual grains of carmine was based on the greater facility and more 
accurate certainty with which the taking up of carbon can be 
ascertained. It was also for this reason that carbon had been the 
substance selected in former investigations on the action of carbonic 
acid ^) and the action of cyanate of potassium •) on phagocytosis. 

On the present, as well as on the former occasion, the leucocytes 
used in our investigations, were taken from the blood of a horse'). 
They were obtained by shaking blood with pieces of glass in a 
closed bottle and straining the defibrinated blood through a piece 
of muslin. The red corpuscles sink to the bottom, and the serum 
which" covers them holds all the leucocytes. When this turbid fluid 
has been poured off we have a suspension of leucocytes in serum; 
this suspension can be made richer in leucocytes, by centrifugalizing 
it, removing part of the clear serum and mixing the leucocytes 
which have fallen to the bottom, with the remaining serum. A detailed 
description of this method, the process of preparing the carbon, 
the mode of bringing it into contact with the leucocytes, and the 
method of determining the percentage of the cells which have 
taken up carbon, will be found in our article in the Biochemische 
Zeitschrift'). 



II. The effects 'produced on phagocytosis by the addition of water. 

m 

Our first experiments were directed to the solution of the question 
in how far phagocytosis is affected by the addition of water. 

With this object in view, equal quantities of the suspension of 
leucocytes were mixed with serum, previously diluted with known 
quantities of water. The following table shows the results of one of 
the series of experiments. It will need no further explanation. 



1) Hamburger. Virchow''s Archiv, 156, 1899. S. 329. Osmot. Druck u. lonen- 
lehre. 1. S. 416. 

2) Hamburger. Het gedrag van wilte bloedlichaampjes legenover Cyaankalium in 
Rosenstein's Feestbundel. 1902. 

?) At Groningen we experienced great difficulty in obtaining a regular supply 
of horses' blood. Mr. K. Hoefnagel, the Director of the abattoir at Utrecht, had 
the great kindness fully to meet our wants, for which we here beg to tender him 
our best thanks. 

*) Compare also Hamburger, Osmot. Druck u. lonenlehre, Bd. 1. S. 401. 
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TABLE I. 

Effect of lessening the concentration of the serum. 



Serum 

diluted 

with 


Number of 

examined white 

corpuscles 


Number of white Percentage of 1 nprrp^QP nf thP 
corpuscles which number of white, ^^^^^f^^^^ 
have taken up corpuscles con- 1 P^^^f^^^r " . 
coal taining coal power 


Co/o water 
20 „ ' 
50 „ 

100 „ 

140 „ 

200 „ 


88G 
754 
732 
636 
530 
546 


331 

246 

154 

81 






87 

32 
21 
12i 






13.50/d 
432„ 
66.2, 



From this table it appears that in serum, to which no water has 
been added, of the 886 examined leucocytes, 331 had taken up 
carbon, i.e. 37 Vo- 

. We must here point out that in the circulating, and also in the coagulated 
blood, the percentage of phagocytes is actually nmch smaller. 

By a certain proceeding, however, we contrived that in our experiments, the 
leucocytes used for examination should contain a great number of phagocytes. 
This process is based on the fact that among the leucocytes, the phagocytes are 
the cells which soonest sink to the bottom. After this explanation, it will cause 
no surprise to find that, in normal serum, the percentage of the phagocytes 
which have taken up carbon, continually varies in different series of our experiments. 

An addition of 20 7o water, already lessens the phagocytarian 
power with 137, "^o- I" calculating this loss on an addition of 
5 7o water, supposing the diminution to be proportionate, the de- 
crease of the phagocytarian capacity would have amounted to: 

5 
— X 13.5 7o = 3.4 7o- I'i other words, when the osmotic concen- 

tration of the blood plasma is lessened by 57o> « loss ivhich in a 
healthy individual may be of daily occurrence ^), the phagocytarian 
power falls about 3.4 7o- 

By the side of this great sensitiveness of the phagocytes to the 
increase of their percentage of water, stands the fact, as shown from 



1) Compare a o. Koeppe. PplUger's Archiv. 62, 189G. S. 567. In his experim nts, 
EoEPPE noticed a decline below the mean osmotic pressure of over 10 7o' 
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the table, that on the other hand, there are a great number of phago- 
cytes which can stand a dilution of their serum with 100 Vo of water. 
Former experiments have proved that this dilution causes an increase 
in the bulk of the cells, of considerably over 30 7o-*) 

We will now pass on to the following question: Is this decrecise 
in the phagocytosis of a permanent nature? 

In order to find an answer, we brought the white corpuscles 
which had been submitted to the action of diluted serum back into 
the normal, undiluted serum, and then tested again their power 
of taking up coal.* 

TABLE 11. 

After exposure to the action of diluted serum, the phagocytes 
are brought back into normal serum. 



Serum diluted 
with 


Number of 

white corpuscles 

examined 


Number of white 

corpuscles which 

have taking up 

carbon 


Percentage of 
white corpuscles 
containing carbon, 
in normal serum 


QO/o water 

20 „ 

50 . 

70 „ 
100 „ 
200 „ 


500 
500 
500 
500 
500 
500 


103 
99 

i07 
96 
78 
61 


21 

19.8 
21.4 
19.2 
15.6 
12.2 



This table shows that phagocytes, which had some time remained 
in serum, diluted with 20% or 50 7o water, dilutions which as 
the former series of experiments indicates, caused a reduction of the 
phagocytarian capacity of 13.5 7o ^'^d 43.2 Vo respectively, after 
having been brought back into normal serum, entirely recovered Hieir 
original phagocytarian potoer. 

The addition to the serum of lOOVo water, has on part of the 
phagocytes a lasting deleterious effect; the addition of 200% water is 
even more detrimental. Still, itis interesting to observe that, although in 
serum which had been diluted with 200 7o water, all the phagocytes 



1) Hamburger. Archiv. f. (Anat. u.^ Physiol. 1898. S. 317. 
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had loBt the power to take up carbon, after being replaced in the 
normal serum, over 507o of the phagocytes recovered their original 
capacity. 

So, the greater part of the phagocytes can support a considerable 
volume of water without pennanent loss of their phagocytarian 
capacity. 

Here may be asked: On what does it depend, whether a phagocyte will 
regain it? phagocytarian power? It is not impossible, nay, it is even probable, 
that here as well as in the case of the red corpuscles some lose their contents 
in serum diluted with 70 % of water ^). If the quantity of water added be raised to 
100 7o>» the number of destroyed erythrocytes will be found considerably larger. 
When the red corpuscles, which have not lost their haemoglobin, are removed 
from the serum diluted with lOO^o of water into undiluted serum, they entirely 
recover; they change from small globules into biconcave discs, which even arrange 
themselves like piles of coins. 

However, this only applies to the cells which have not lost their colouring matter. 
These which have actually lost haemoglobin cannot recover. Now our microscopical 
investigations have revealed the fact, that in serum + 70 ^/o water, some of phago- 
cytes lose a part of their contents: in that case we see a granular substance 
lying by their sides. In serum to which 100 7o water has been added, the efiFect 
is more apparent still. Then the number of leucocytes which have expelled granular 
matter is still larger. It is easy to understand that these cells, when again placed 
in normal serum, have lost the power of taking up carbon. The difficulty of 
ascertaining this with certainty however, is very great : in the transmission there is 
every chance of disturbing the granular substance by the side of the cells, and it is 
impossible to know whether one deals with a phagocyte which has lost part of its 
contents or not. Anyhow, taking into consideration the striking analogy existing 
between white and red corpuscles, both with regard to their permeability and to 
the osmotic pressure of their interior substance, and even to the percentage of 
the volume of their watery contents *). we seem justified in our conjecture that the 
same fluid, which causes a loss of colouring matter in the least resisting of red 
corpuscles, also brmgs about the irremediate destruction of the phagocytarian 
power of the least resisting phagocytes. 

It is a fact worthy of notice that the resisting power of the 
phagocytes reaches a higher maximum than that of the erythrocytes. 
In serum diluted with 200% water, all the erythrocytes of the horse 
are destroyed, and not quite half of the phagocytes. 

III. Effect on phagocytosis by the reduction of water. 

A similar method as had been used for studying the effect on phago** 
cytosis by dilution of the serum, was now applied to ascertain the 



1) Hamburger. Transactions of the Rnyal Academy of Sciences, 26th March 1885. 
<) Osmot. Druck u. Jonenlehre I, S. 401—435. 
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influence of concentration. With this object in view, commoifi jsalt 

was dissolved in the. serum in quantities of 0.1, 0.2, 0.3, 0.4 V* and 

more. The results of these experiments are shown in the following 
table: 

TABLE III. 
Effects on phagocytosis by increased concentration of the serum. 



Serum in which 
is dissolved 



The liquids in the 

preceding column 

are corresponding 

to; 



o/^jSod.Chl. 
0.1 „ 
0.2 „ 
0.3 „ 
0.4 „ 



Sod. Chi. 0.90/0 

i 
„ 1.1 
i.2 
1.3 



Procentage of 

leucocytes which 

have taken up 

carbon 



832 

184 
874 



X100=:260i, 
X100 = 21.o 



Decrease of the 

phagocytarian 

power 



184 
1005 



-Xi00 = 18.3 



76 

43 

™ X100= 5.4 



17.30/0 
29.6 



79.2 



Here we see that the injurious effect is very great, much greater 
than is the case tuhen the osmotic concentration has been diminished. 
Then we observed tliat by diluting the serum with 20 7a water, 
phagocytarian capacity fell 13.5 ^/^ ; here we find that by raising the 
osmotic concentration by 107o> the phagocytarian power is lowered 
by 17.3 7o- This effect must already be perceptible within the phy- 
siological boundaries in which the osmotic pressui^e of the blood 
plasma usually varies in the normal body. For it may happen, 
every day that in a normal individual the osmotic pressure of the" 
liquor sanguinis, a few hours after dinner, is still raised by that of. 
0.1 7o common salt ^). 

Here again, as we did before when studying the decrease of 
osmotic pressure, we ask whether the loss of phagocytarian power 

1) KOEPPE, 1. c. * ^ 

D. ScHouTE. Het physisch-chemisch onderzoek van menschelijk bloecL in de. 

kliniek. Diss. Groningen 1903. .! 

See also Osmot. Druck u. lonenlehre B. I S. 540 ff.j B. II S.. 279 and. 310 ff. 
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.eai): be i*estored, bj replacing the white corpuscles in the normal 
seruoQi. The answer will be found in the following table. 

T A B L E IV> 

After being exposed to the action of increased concentration, 
the leucocytes were replaced into normal serum. 



Serum in which 
is dissolved 


After replacement into normal serum, the 
phagocytarian power stands at 


0»/, Sod. Chi. 

' a? , 

3. * 


273 

246 • 

Sxi«. = 33- 

170 

5-^X100 = 21 

025X^^ = ^* 
5^X100 = 9 



From this table it may be seen that after exposure to the action 
of serum in which 0.2 7o common salt had been dissolved, a solution 
which ha4 lowered' the phagocytarian capacity by 29.6 % -(see 
^ble III), replacement in nol-mal serum brings it back to its original 
value. The action of serum in which 0.7 "\, of salt had been dissolved, 
however, causes a permanent loss of phagocytosis* Still, this loss is 
not so great considering that, in the serum with 0^7 7o> not a single 
cell has taken up carbon, — in other terms, the phagocytosis has been 
entirely paralysed. .. 

Now the phagocytes had only been exposed for half an hour to the 
action of the concentrated media. This certainly may . be considered 
long enough for the snaalj cells to readjust themselves to their new- 
medium. Still, it maybe asked whether a/(6r a m(?r^. pro fo^^^ 
the normal value of the phagocytarian power would be restored too. This 
queation . . Aa of ..gre^ iCDpoitenpe foi! ..the . fi^nc^iftn^. :of : jjiermaJL liCe,; in 
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which the increase of osmotic concentration often lasts longer than 
half an hour. For this reason, the experiments in which the leucocytes 
were exposed to an . action of much longer duration, were made 
with serum containing onlj 0.1 and 0.27o NaCl; higher osmotic 
concentration does not occur in the body. The leucocytes were placed in 
the serum of increased osmotic concentration for 2, 24 and 48 hours, 
and then transferred into normal serum. 

The experiment showed that after an exposure of 24 and 48 hours, 
the phagocytarian power had been diminished; but an ^^t^/ decrease 
of vitality was also observed in phagocytes which had remained for 
24 and 48 hours respectively in normal serum. This proved that 
the prolonged action of serum of increased osmotic concentration 
had had no permanent injurious effect on the phagocytari^ capacity. 

Thus we may conclude that, in the living body an increase in the 
osmotic concentration of the blood plasma, as well as a decrease of 
the same, has a deleterious effect on the phagocytarian powei\ but 
that the loss may be recovered; for as soon as the osmotic pressure 
has been restored to the normal, the phagocytes also entirely regain 
their inherent power. 

If from these experiments we may conjecture, that what we have 
observed in the phagocytes, will also be applicable to other cells with 
semipermeable wails, it is reasonable to conclude from the results shown 
in tables II and III, that the vital functions of the cell are in a large 
m£asure influenced by slight oscillations in the osmotic concentration 
of the environment and consequently of the cells themselves. 

IV. Effect of simple solutions of Salt. 
1. Solutions of Sodium Chloride. 

Now the question arises whether the loss of vitality described 
above, must be attributed to the variations of the quantity of water 
as such, or to the modification in the concentration of one or 
more of the substances. 

In order to examine this question systematically, we might have 
alternately reduced the several elements in the diluted serum to 
their original concentration and then studied the extent of the improve- 
ment. But as in the mean time it had been clearly demonstrated 
to us that in a pure solution of Sodium Chloride of 0.9 7o *he 
phagocytes take up carbon in equal or almost equal quantities as 
in normal serum, we decided to abandon this mode of investigation. 

Here we must incidentally remark that, after all that has been said by 
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LoebM and others, of the injurious action of a pure solution of a simple salt on the 
life of young moving larvae and the vital processes of higher animals, such as the 
heating of the heart and the movements of the intestines, we were at first rather 
astonished at the almost perfect innocuousness of similar solutions in regard to 
the phagocytes. However, we can easily find an explanation for this seeming 
inconsistency. Whenever a cell is surrounded by a simple isotonic solution of 
salt, two things are likely to happen : an exchange of ions may take place, thus 
causing a modif?cat!on in the chemical structure of the cell, which interferes with 
certain of its vital functions. This is the case with the larvae of fundulus 
with the muscle of the heart and that of the intestines. A supply of specified 
ions is then required to restore the chemical structure of the cell to its normal 
state. But — and this is the second possibility — if the permeability of the cell 
to ions is highly limited, a pure isotonic solution of salt will not cause any, or 
only a very slight alteration in the chemical structure of the cell. This is the 
case with the white corpuscles, the slight permeability of which to ions of 
salts has already been demorstrated in the most convincing manner.^) 

Bearing this fact in mind, it can cause no surprise that, contrary to the results 
of the observations on eggs and muscles, a pure solution of Sodium Chloride 
leaves the phagocytarian power entirely or almost entirely intact. 

Under these circumstances, for determining the influence of the 
water as such, it was indicated to take solutionsof Sodium Chloride 
of various strength. 

Table V shows the action of diluted solutions of Sodium Chloride 
on phagocytosis. 

TABLE V. 
Effect of hyper-isotonic solutions of Sodium Chloride on phagocytosis. 



Solutions of Salt. 


Percentage 

of leucocytes which 

have taken up carbon. 


NaCl-sol. 0.97o 

NaC10.757o = Naa 0.90/0+ 20Vo water 
„ 0.6 = „ 9 + 50 „ 
„ 0.46 == „ 0.9 +100 „ 


235 

756 X^«' = " ''• 

1^X100-21.8 

83 

745 X100 = 11.1 



1) J. LoEB, American Journal of Physiol. 8 1900 p. 327 and 383; 6 1901 p. 362 
PflQger's Archiv 80 1900 S- 229. 

Ungle, Americ. of Journal of Physiol. 4 1900 p. 265. 

Miss MooRB, Ibid. 1900 p. 386 etc. 

*) Hahburqer. Zeitschr. f. Biol. 35. 1897 S. 252 and S. 280; Proceed, of the 
Royal Academy of Sciences 11 April 1897. 

Archiv f. (Anat. u.) Physiol. 1898 S. 31 and S. 317. 

YiRCHOw*s Archiv 166 1899 S. 329. 

HAMBUReER and tan der Schroeff, Archiv f. (Anat. u.) Physiol. 1902. S. 251. 
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Here we see the marked effect of a diminution in the concentration 
qt the salt solution. 

TABLE VI. 
Effect of hjper-isotonic solutions of salt. 



Solutions. 



NaCI 97, 
. 0.95 



4.1 
1.2 
1.3 
1.4 
1.5 



Percentage of leucocytes 
containing carbon. 



250 
722 

293 
875 

95 
802 

1^ 
981 

J7_ 
990 



X 100 = 34.«% 
X 100 = 33.5 

XlOO = 11.84 
X 100 = 10.8 
X 100 = 0.7 



—- X ^00 = 
200 '^ 



,-^Xioo = o 



— X ^00 = 

150 '^ 



Decrease of the 

phagocytarian 

power. 



3oye 
60.6 



The surprisingly rapid decline of phagocytosis observed in serum 
of increased concentration {table III) is again clearly demonstrated 
in this instance. 

Even the slight increase of 0.9 to 1% lowers the phagocytarian 
power already 60.67o. Another illustration of this rapid decline is 
afforded by the observation that in the IVo concentration of Sodium 
Chloride, the amount of carbon present in the coal containing 
phagocytes is far less than in those tliat have stayed in the solution 
of 0.97o. 

Now, by comparing tables VI and III, we see at a glance that, 
when the experiments were made with a solution of Sodium Chloride 
of 0.9 7o, to which afterwards salt had been added, the decline 
in the phagocytarian power is more marked than when they are 
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made in serum supplemented with an equal quantity of* salt: This 
proves that besides the osmotic pressure, which must principally 
be made accountable for the decline, there is still another factor at 
work, and this factor can be no other than the modification — however 
slight — produced by a pure solution of N aCl in the chemical structure 
of the p/iagocytes. Some time ago, one of us, in conjunction with. 
Dr. VAN DER ScHRORPF^), already demonstrated that the leucocytes' 
the same as Ihe red corpuscles are in any case permeable to anions. 
It is therefore evident that, owing to their chemical structure being* 
interfered with, the cells most lose some of their vitality (phago-^ 
cytarian power) under the action pf pure salt solutions, — or 
rather, that they should lose more than in an isosmotic serum. 

We have submitted this hypothesis to further experiments, starting 
from the following reasoning : If it is a fact that in a hyper-isotonie 
solution of salt, the phagocytes undergo a chemical variation through 
exchange of ions, it must be possible to restore this loss of phago^ 
cytarian capacity resulting from their modification in their structure,, 
by replacing them in normal serum, and that thi» recovery will 
not be complete by immersion in a 0.9 7o solution of salt.. The 
following table proves that we were correct in our surmise. 

TABLE VII. 

Effect of solutions of salt on the chemical structure 
of the phagocytes. 



White corpuscles 
immersed for 2Vj 
hours in the fol- 
lowing solutions. 


Phagocytarian power after being transferred into. 


Normal Serum 


Salt solutions of 0.90/q 


Naa o.go/o 


SI 9 


811 X ^«^ - ^/o 


. i 


258 

--- X iOO z= 33.3 

775 ^ 


251 


n i.i 


233 


209 

,3^X^00 = 28.6 


. i.2 


Sxi00 = 28 


;;^xioo=26 



1) Haicbijroer and van dbr Sghroeff. 1. c. 
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It is clearly demonstrated that the phagocytes, which have been 
exposed for two hours to the action of solutions of Sodium Chloride, 
exhibit a greater phagocytarian power when they are transferred 
into serum, than when they are placed into salt solution of 0.9 •/•• 

No doubt the observation will strike the attentive reader as 
contradictory, that this is only the case with the phagocytes which 
had been exposed to the action of sodium chloride of 1 7o> 1-1 7o 
and 1.2 7o> but not with those which for the same space of time 
had been immersed in a similar solution of 0.9 7a ; ^^^^ ^^^ effect 
of this salt-solution and the serum is quite the reverse. This, however, 
is not actually the case; for in serum the phagocytes are likely to 
stick together and on this account do not offer as large a surface to 
the carbon as in the salt-solutions in which they remain more isolated. 
If then, as must be the case in an isotonic solution, the injurious 
effects of the Gl-ions of the pure salt solution are comparatively 
small, they may easily be exceeded by the unfavourable position of 
the cells caused by the serum. 

When, however, by the use of hyper-isotonic solution of sodium 
chloride, the injurious action of the Cl-ions be increased, it may 
exceed the detractory influence of the agglomeration of the cells, 
and produce the results shown in the ^able. 

With regard to these statements it may here be asked why, in 
isotonic solutions of sodium chloride, the injurious effect on the 
phagocytes cannot be determined, but is easily demonstrated when 
hyper-isotonic solutions are used, and the more readily in proportion 
as the concentration of the salt solutions are increased in strength. 
This question is very natural, because it concerns such a small 
increase in the considerable amount of ions of CI or of Na 
ali'eady present. Here we are involuntarily reminded of the fact 
stated by Hedin*) with regard to the red blood-corpuscles. The 
minute investigations of this scientist have brought to light the fact, 
that in isosmotic isotonic solutions of salt, the corpuscles possess an 
equal volume, but that in isosmotic anisotonic solutions their relative 
volume is no longer equal. Hedin has not given an explanation of 
this important fact; but anyhow, it proves that simple solutions of 
salt, when anisotonic, exercise still another kind of action beyond that 
of their osmotic pressure. We propose to investigate this matter 
somewhat further: it is very probable that by a modification in the 
dissociation of the contents of the cell, an altered condition for the 
exchange of ions is produced. 



1) Hedin. Skandinavisches Archiv f. Physiol, 1895 S. 377. 
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2. Solutions of Chloric Potash. 

In our description of the influence of sodium chloride, we attri- 
buted it to the ions of chlorine. This was based on the results of 
investigations in which we compared the action of sodium chloride 
and of potassium chloride, of which a few items here follow. 

These investigations proved that isosmotic solutions of sodium 
chloride and potassium chloride have almost the same effects on 
phagocytosis. 

TABLE VIII. 
Comparison of isosmotic quantities of sodium chloride 
and potassium chloride. 



Percentage of leucocytes 
containing carbon. 



Serum 

NaQ-sol. 0.90/j 

KCl-sol. 1.157o (isot m. NaCl-sol. 0.9*/o) 

Serum + 0.1 •/. NaQ 

. +0.127 „KC1 

„ +0.3 „ NaQ 

, +0.38 . KQ 

„ +0.3 „ NaCl j afterwards 
I placed into 
„ +0.38 ^ KCl ' normal serum 



253 

-Xi00 = WO/o 

300 

— X^00 = 36 

836 '^ 

258 
^X100 = 34 

183 

45 

— -X^00= 7 
630^ 



54 

683 



Xi00= 8 



5^X^00 = 30 
600^ 

185 
^X100 = 30 



Two other parallel-experiments in solutions of 0.97a of sodium 

chloride produced the following results: 

198 

—r X 100 = 23 Vo of leucocytes containing carbon 

146 
and —X 100 = 21.5 Vo „ 
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in the isosmotic solution of KCI 1 .15 "/„ : 

128 
' — - X 100 = 21 '/o leucocytes containing carbon 
615 

and ^X 100 =22.5 7, „ 

Bence we may conclude y that there is no difference between the 
action of chloride of potassium and chloride of sodium. 

3. Effect of chloride of calcium. 

The great importance which, according to the rtiost recent in- 
vestigations must be ascribed to the ions of calcium, ^) in the con- 
stitution of the fluid-matter of the tissues, induced us to test also • 
the effect of this medium on phagocytes. 

With this object in view, we dissolved various quantities of chloride 
of calcium in the serum of the blood of a horse and mixed the 
suspension of leucocytes thus obtained with carbon. 

T A B L B IX. 
Effect of calcium chloride. 



Serum 

+ 


Percentage of leucocytes 
containing carbon 


Increase of the 

phagocytarian 

power 


Oo/o CaCla 6 aq. 
O.Olo/o 
0.1 
0.5 
1 


132 

g^2 X iOO - 21.20/0 

225 

33^X100 = 26 

180 
e,2X100_27.6 

162 

598 X 100 = 27 

,^Xioo = o 


22.60/0 

30.2 

27.3 



An addition of O.OJ Vo ^/ CI2 C/, 6 aq. to the serum already 
produces an increase of the phagocytarian capacity of 22.6 Ve ; 
by the addition of 0.1 7o Ca CI, 6 aq., the effect is somewhat 

1) See especially the investigations of Loeb. Publications of the University of 
California and of Langendorfp and Hueck. Pfluger*s Archiv 96 1903 S. 473; for 
the complete bibliography on the subject until 1904, see Osmotischer Druck und 
lonenlehre B. Ill, S. 107 etc. Comp. also A. Nettxr, Importance biologique du 
Calcium. Paris. Masson et Cie. 1907. 
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greater, and by the addition of 0.5 7o Ca CI, 6 aq., it again 
decreases. 

The result registered in the first instance, which is produced by 
the addition of 0.01 7o CaCI,, must be considered the most valuable, 
for it denotes the nearest unalloyed effect of the calcium chloride. 
In the experiments where quantities of O.J7o> 0.57o and IVo of CaCl^ 
were added, the increase of phagocytosis is counteracted by the 
unfavourable influence of the raising of osmotic pressure. 

This experience is in strict accordance with the observations made 
by Langendorpf, who found that the injection of veiy small quantities 
of calcium, causes the heart to beat with greater force. We ascribe 
this manifestation to the action of the ion of calcium on the contractile 
substance, and we may conclude that the muscular fibre and the 
phagocytes also, are permeable to this cation. 

4. EiSect of citras natricus. 

The frequent use which, in consequence of the experiments of 
Wright and Douglas, ') is made of this medium at the present day 
by. the bacteriologists, in order to prevent the coagulation of the blood, 
actuated us also to experiment with this substance for the sake of 
determining its action on the phagocytosis. The following table gives 
a survey of the results. 

The customary solutions of 1 7o and 2 7e of citras natricus in 
0.9 7o solution of sod. chl. were used in these experiments. 

TABLE X. 
Effect of citras natricus. 



Percentage of leucocytes 
containing carbon 



(a) i cc suspension of leucocytes + 2 cc. 
solution of io/o citras natr. in 0.9o/o Sod.Chl. 

(6) i cc. suspension of leucocytes + 2 cc. 
solution of 20/o citras natr. in 0.90/^ Sod.Chl. 

(f) leucocytes from (a) transferred in Sod.ChI. 

0.9 o/o 



(d) leucocytes from {b) transferred in Sod.Chl. 

0.9 o/„ 



{e) i cc. suspension of leucocytes + 2 cc. 
solution of 0.9 o/^ Sod.Chl. (Control test) 



260 

^X100 = 380/„ 



255 

— Xi00 = 35 0/, 



— X100 = 600/o 



^) Wright and Douglas, Proceed, of the Roy. Soc. 72, 1903, p. 357; 78, 1904, 
p. 128. 

11 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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From the above table it is shown: J. That in 1 — 2 7o solutions 
of citras natricus in 0.9 7o of Sod. Chi. the phagocytarian power 
is nil.; 

2. that the phagocytarian capacity again partially reappears, when 
the cells are transferred into 0.9 7o solutions of Sod. Chi. The per- 
vianent decline of the phagocytarian power still amounts to 28 7o* 

5. Effect of Fluornatrium., 

Fluornatriura being also much used for preventing the coagulation 
of the blood, it seemed imp6rtant to us also to study the effect of 
this medium on the phagocytosis. 

TABLE XL 
Eff^t of Fluomatrium. 





Percentage of leucocytes containing 
carbon 


Before being trans- 
ferred into 0.90/0 
Sod. Chi. 


After being trans- 
ferred into 0.90/0 
Sod. Chi. 


2ccsuspension of leucocytes -|- 2cc NaFl 0.650/o 
(isot. with NaCl 0.9)o/o 

+ 2cc NaFl lo/o 
+ 2cc NaFl 20/o 
+ 2cc NaCl 0.90/0 






e,, X 100 - 140/0 

,;,XiOO-> 6 


369 



Here we see that when the leucocytes have been exposed to 
a solution of Fluornatrium of 2 7o, 1 7, or 0.65 7, (isot. with 
0.9 7o NaCl) the phagocytarian power is entirely paralysed, yea, 
that even after transferring of the phagocytes in a sohition ofO.OVo 
Sod. Chi. it shows to have been entirely destroyed for ever. Hence loe 
may conclude that NaFl is a powerful poison for t/ie protoplasina 
of the pliagocytes, 

V. Effect of acid and alkali, 
1. Effect of acid. 

The important part which the alkaline reaction of the blood- 
plasma seems to play, not only in connexion with the degree of 
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oxjdation taking place in the body, but also in infectious diseases, 
induced us to study its effects on the increase or decrease of the 
phagocytarian power. 

The results of one of the experiment are shown in the following 
table. 

TABLE XII. 
Diminution of the alkaline reaction of the serum. 



1 cc V, n. H,SO, 


Amount of acid 
added 


Percentage of white blood 

corpuscles containing 

carbon 


9 cc serum 
14 cc . 

19 cc , 

49 cc , 

299 cc , 

499CC , 


Vn norm. 
■/no , 



^X100= 4.30/0 

398X^«^- ' 
465 

724X100=21.4 

^>100-4i.7 
Sxi00_43.5 


normal serum 


227 
^X^00-4S 



We observe that even the small addition of Veoo w-acid is injurious 
to the phagocytosis. 

Now, we know that according to titration with lacmol'de, 100 cc. 
horse serum in the mean is equivalent to 75.5 cc. Vj» ^-a^ -id *); conse- 
quently it is calculated that serum represents an alkaline fluid of 
7,0 normal. 

The addition of V«oa ^-acid, therefore lowei-s its alkaline reaction 

by 57.. 

Consequently, a diminution of tlie alkaline reaction of the serum 
by 5 ®/o is already injurious to the phagocytes. 

This result is in strict accordance with the injurious effect experienced 

1) Hamburger, Verhandel. d. Koninkl. Akad. v. Wetensch. Second section, Vol. 
VI, NO. 1, 1897. 

11* 
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by administering acid per os, and we are fully justified in ascribing 
the poisonous effects of the acid, to a diminution in the process 
of oxydation. 

The results agree also with the observations recently published 
by J. LoEB, on the influence of the traces of NaOH (OH-ions) on 
the artificial fructification of the eggs of sea-urchins. The author 
has clearly demonstrated that the primary cause of this effect might 
be found in the acceleration of chemical reactions. ^). 

TABLE XIII. 
Increase of the alkaline reaction of the serum. 



Ice Vi n. NaOH 

+ 



Amount of 
alkali added 




Percentage of white 

corpuscles containing 

carbon. 



25^ 
622 



X100: 



^,Xm= 6.8 



1J4 

707 

179 
531 



X100 = 16 
Xi00 = 25 
XiOO = 27 



140 

—-X 100 = 25.7 

580 '^ 



177. 
C64 



X 100 = 20.5 



It is seen from this table that, within a large margin, the addition of 
OH-ions to the serum does not exercise a perceptible influence on 
the phagocytcrian power; it remains unaltered until the value is 
increased by Vsoo normal: i.e., with 15 % of the original alkaline 
reaction. An additional supply of alkali causes a lessening of the 
pliagocytarian power. 

Mo7'e pronounced still is the effect of acid and alkali on the p/iago- 
cytes, when these substances, instead of being added to seruniy are 

I) J. LoEB, PflOger's Archiev 118, 1907, H. 3/4, S. 181. 
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introduced in solutions of 0.9 **/o sod. chL A more detailed account 
of the results of these investigations will follow later. 

We also made a number of experiments to test the influence of 
other media on the phagocytarian power, e.g. with urewih chinine, 
argentum colloidnle, heterogenous semmy etc., the results of which 
will appear in a subsequent paper. 

Summary, 

The following are the principal conclusions derived from the above 
described experiments. 

1. The action exercised by various media on the phagocyterian 
power of white corpuscles, can be accurately determined by counting 
the percentage of cells which have taken up particles of carbon. 

2. Tlie addition of water to the inherent medium of the phagocytes 
i.e. to tlieir own serum, acts injuriously on the phagocytarian power. 

Even a decrease in the osmotic concentration as may daily occur 
in a normal individual, causes a perceptible decline in tlie phago- 
cytarian power. 

So, it was shown in one of the experiments that, whilst in normal 

undiluted serum 37 ^f\ of the leucocytes had taken up carbon, in 

serum which had been diluted with 20 "/o of water ihe amount of 

cells containing carbon was only 32 Vo *• this corresponds to a decline 

37 —32 
in the phagocytosis of — — — X 1^0 = 13.5 Vo- 

ot 

By the addition of 50 Vo water, the percentage of phagocytes 

containing carbon fell to 21 7o ; thus in this case a decrease of 

37-25 
phagocytosis of — r;^— X 100 = 43 7„. 

By addition of 140 and of 200 7o water, the percentage of the 
carbon-containing leucocytes was lowered to nil, — in other words the 
phagocytarian power had been suspended; but only temporarily, for 

3. by replacing the cells damaged by the addition of water, into 
tlieir ovm serum, the phagocytarian power is entirely or partially 
restored. 

So the recovery was complete, when the serum had been diluted 
with 20 Vo or 50 Vo of water, and only partial when 70 tot 100 ''/o 
water had been added. Even when it had been diluted with 200 Vo> 
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a figure at which, it is shown under 2, the phagocytosis had been 
entirely suspended, — a recovery look place in the phagocytarian 
power to half of its original amount. 

4. Tlie obse fixations y here made with the phagocytes, correspond 
with those previously observed in the red corpuscles. 

1. The phagocytes, the same as the red corpuscles, can support 
a considerable quantity of water {± 60 7o) without a single cell 
being destroyed; 

2. The modifications produced in the phagocytes by the addition 
of water, unless they have led to their entire destruction, may, 
judging from the phagocytarian capacity, be entirely obviated by 
replacing them in normal serum. 

« 

.5. A heightening of the osmotic concentration of the serum, as 
well as a lowering of the same, {comp. sub 2) /las a veiy injurious 
effect on the phagocytosis. It was obvious that an increase of the ] 

osmotic concentration had even a more pronounced deleterious auction 
than the decrease at the same ratio. Already an addition of 0.1 7© NaCl 
to the serum caused the phagocytarian power to decline Vl.Z^I^, 

By the addition of 0.47, NaCl this decrease amounted to 79.2'/, 
and by the addition of 0.57o Sod. Chi., the phagocytarian power was 
reduced to nil; but this considerable loss was but temporary, for 

6. ivhen the cells ivhich had been damaged by an addition of 
sodium chloride to t/ie serum, were replaced in their miginal blood- 
serum, t/ieir phagocytarian capacity was again entirely or partially 
restored; entirely when only from 0.1°. ^ — 0.27o of the substance had 
been added; partially when a greater amount had been used. 

7. If thus, as shown under 2 and 5, the phagocytarian power 
is specially impaired by modification of the normal osmotic concen- 
tration of the blood-serum, this capacity will be entirely restored 
as soon as the blood-plasma, principally owing to the activity of 
the kidneys, has recovered its normal osmotic concentration. The 
experiments have demonstrated that this recovery is still possible 
after the agency of the anisotonic serum for 24 hours and more. 

8. Fn solutions of 0.97o NaCl the phagacytarian power 
is almost equal to t/iat of serum. It considerably decreases under the 
action of weaker and stronger solutions of this salt, even more so 
than in serum which has been made isosmotic with these salt-solutions. 
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9. This result leads to the conclusion titat the decline of the pha- 
(focytarian capacity produced by anisotonic serum, has its cause 
principally in the alteration of the amount of loater in the cells-. 

%0. Besides the modification of the amount of water in the cells, 
another factor comes into play, namely the chemical change, which takes 
place consequently on the exchange of the contents of the cells ivith 
those of their environment dnd which, as a matter of course^ is 
greater when the cell is surrounded by a simple solution of NaCl 
than when placed in an isosmotic serum. This accounts for the fact, 
that phagocytes which have been submitted to the action of hyper- 
isotonic solutions of NaCi, when replaced into serum, exhibit a 
somewhat greater phagocytarian power, than when they are trans- 
ferred to a 0.9 "/g solution of NaCl. In the latter case they have 
not the opportunity, given them in the former, of regaining the 
ions which they have lost in the anisotonic solutions of salt. 

11. It is very probable that the ions of Ca and of OH belong 
to this category. 

With regard to calcium, it has been proved that by the addition 
to the serum of the minute quantity of O.OlVo CaCl, 6 aq, i.e. about 
0.005 7o CaCl,, the phagocytarian power was raised by about 
22.6 Vo- The inference is that ions of calcium must have penetrated 
into the phagocytes. 

On the other hand it may be surmised that the phagocytes will 
lose ions of calcium when the amount of calcium in the medium 
is lower than that to which the phagocytes are accustomed. This 
loss of ions of calcium must cause a diminution of the phagocytarian 
power. 

We observe a similar result in the case of the OH-ions ; for our 
experiments have demonstrated that decrease of these ions causes a 
lowering of the phagocytarian power. A 5 7^ diminution of the 
alkaline reaction of the serum, which necessarily must lower the 
amount of alkali in the phagocytes, produces a noticeable decline 
in the phagocytarian capacity. 

12. LoEB and after him other investigators have pointed out, 
that a pure solution of NaCl must be considered injurious to the 
larvae of lower sea animals, the muscles of the heart, and those of 
the intestines. This opinion does not hold for the phagocytes. The 
proof of this assertion is found in the fact that in a solution of 
NaCl isotonic with serum, the phagocytosis is almost as powerful as 
in the serum itself. 
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This seeming contradiction maj' be met by the explanation that 
the exchange of substance between tlie leucocytes and the solution 
of NaCi, especially when tlie latter is isotonic with the serum, is very 
small ; whilst in the case of otiier cells (citiated cells, muscular fibre 
cells) the conditions of the exchange of ions are not so restricted, and* 
consequently the chemical structure of these cells is more easily 
modified. And it is obvious that a modification of their chemical 
structure causes a disturbance in their 'inherent functions. 

13. From the facts here recorded, it is evident that in studying 
the action of the phagocytes on bacteria in vitro, the degree of 
osmotic concentration and of the alkaline reaction of the medium, 
must be taken into account. This condition has been lost sight of 
in several of the experiments. They ought therefore to be repeated. 

Groningen, June 1907. 

Chemistry. — ^'The decomposition of penta-erythritol tetraformate 
on heating'' By Prof. P. van Romburoh. 

(Communicated in the meeting of June 29, 1907). 

As the heating of the diformate of s. divinylglycol had led in such 
a simple manner to hexatriene 1.3.5, investigations have been set on 
foot in my laboratory for studying the decomposition of formic 
esters of polyhydric alcohols, the results of which will be gradually 
communicated. 

If for penta-erythritol we accept the formula: 
HOH.C. .CH.OH 

HO H,C^\CH, OH 
and if the reaction took place in a similar manner as with s, 
divinylglycol diformate, we might expect on heating the tetraformate*) 
the formation of a hydrocarbon of the formula: 

H.a .CH. 




H,(X \CH, 
in which occurs twice a Spring. ^) 

GusTAvsoN G. R. 123 (1896) 242 obtained from the tetrabromide of penta- 
erythritol, by the action of zinc and alcohol, vinylcyclopropan : 

H,C 

I >CH-GH = GH8, 

instead of the above cited hydrocarbon. 
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The reaction, however, proceeds in quite a diffei'ent sense, for 
instead of the liydrocarbon we only oblain carbon monoxide, while 
penta-erythritol is regenerated. 

In order to prepare the tetraformate of penta-erythritol, this sub- 
stance is heated with an excess (8 mols.) of concentrated formic 
acid in a flasl^ connected with a condenser, in such a manner that 
the excess of acid distils over slowly with the water formed in the 
reaction. When the thermometer placed in the liquid shows 120V 
the heating is stopped, and the distillation is repeated with a fresh 
quantitj^ of formic acid. After this the heating is repeated twice 
with lOOVo acid. There then remains in the flask an oily liquid, 
which, when placed in a dish over sulphuric acid, abundantly 
deposits crystals after some time. These are collected at the pump, 
and then thoroughly pressed between ftlterpaper. 

The solid substance thus obtained, after having been recrystallised 
from dry benzene, melts at 55°. After repeated recrystallisation from 
that solvent, the melting point rose to 57° and then remained constant. 

This formate is sparingly soluble in ether; from a solution in 
benzene it is precipitated by ether. It has a slightly bitter taste. 

On boiling with a titrated solution of potassium hydroxide the 
formic acid formed may be readily estimated. 

Found 74.21 and 74.167o formic acid 
Calculated = 74.187o. 

The ultimate analysis gave the values expected for penta-erythritol 
tetraformate : 

Found Calculated for C, H„ Oe 

C 43.6 43.75 43.577. 

H 5.26 5.16 4.88-/^ 

On heating this formate, a plainly visible evolution of gas com- 
mences at 220^ which is fairly strong at 230\ The gas evolved 
consists of pure carbon monoxide and when the evolution of gas 
has ceased, there remains in the flask pure penta-erythritol, which may 
be readily identified as such bj^ its properties. The amount of gas 
evolved is that required by theory. 

I wish to express my thanks to Mr. van Endt, who has assisted 
me in these experiments with care and zeal. 

JMr. Renibr, who is engaged in the study of the formates of 
glycols found that from 2.5 dimethyl-hexandiol 2.5, the well known 
tetramethyldihydrofurane, is formed by simply heating with formic acid. 
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On the other hand the formic ester of pentnndiol 2.4 is very stable 
towards heat. 

At about 400°, however, the esler is decomposed and a liquid 
is formed boiling at 42"* which is most probably 1.2 dimethyl- 
cyclopropane. 

Mr. VAN Maanbn, is engaged in the study of the decomposition 
of the formic esters of mannitol. 

Utrecht Org. Chem. Lab. University. 

Botany. — ''On the influence of wound stimuli on the formation 
of adventitious buds in the leaves of Gnetum Gnemon L." By 
Mr. J. VAN Beusekom. Communicated by Prof. F. A. F. C. Went. 

(Communicated in the meeting of June 29, 1907). 

It had been observed for a long time already that adventitious 
sprouts were formed on the leaves of a specimen of Gnetum Gne- 
mon Z., cultivated in the Botanic Garden at Utrecht. 

In January 1906 my attention was drawn to this circumstance 
by Prof. Went, who advised me to study the development of these 
adventitious sprouts, and to try ta discover the origin of their formation. 

The results of this investigation will be concisely communicated here. 

The adventitious buds appear on the tips of the leaves, while these 
are still attached to the plant. 

As far as I have been able to find out, the formation of these 
adventitious buds has never before been observed with Gnetum 
Gnemon, neither in its natural sites, nor in botanic gardens^) except 
at Utrecht. The Utrecht Garden possesses three specimens of Gnetum 
Gnemon. One of these has been continually cultivated in a hothouse 
where in winter the temperature is kept at about 25° C, and the 
air is very damp. The other two were, when I began my investi- 
gation, in an other hothouse where the temperature is lower (in 
winter on an average 15*" C), and the humidity less. Whereas of 
the former I have always obtained leaves in different stages of bud- 
formation, the other two showed the phenomenon only after they 
had been conveyed to the warmer and damper hothouse.. 

Although all three plants, apart from the formation of adventitious 
buds, are evidently healthy and do not make a morbid impression 



1) On this point I gained information from the other botanic gardens in our 
country, from that al Munich and also from that at Buitenzorg. 
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at all, they flower very rarely. Personally I only observed it with 
one of the plants from the cooler hothouse. This latter plant produced 
one single cT inflorescence, which enabled nie to check the accuracy 
of the determination. 

The first external change, noticed with a leave which will form 
adventitious buds, is that on the tip extremely small yellow dots 
appear, which are seen best when light is falling through the leaf. 
They remind us in this respect of the oil dots in the leaves of the 
Rutaceae or Hypericum, but as a rule they are bigger and less 
densely spread than these. 

With the bigger ones a hand-magnifier will show that where the 
dots are, the epiderm of the upper or lower side or of both together 
is slightly bulged, so that we have to do with small vesicles. 

It will be shown presently that these vesicles are caused by the 
sting of a scale-insect Aspidiotus spec, and as such are not restricted 
at all to the tip of the leaf. Normally, however, it is only the tip 
which can form adventitious buds. The remaining part of the leaf blade 
can only form adventitious buds when the organic relation with the 
tip has been disturbed in some way or other. But even then they 
arise apically in this part. Hence only the vesicles which have 
originated on the apical part of a leaf, form the introduction to the 
process of bud-formation. 

For the sake of simplicity we shall in what follows, only mention 
the tip of the leaf, since the statements referring to the tip also 
apply to the other cases. 

After some time also the region, surrounding the vesicles, becomes 
discoloured; as a rule the tip of the affected leaf soon becomes 
distinctly yellow, although in some cases it long keeps a more or 
less greenish tint. 

At the same time with this discoloration the tip of the leaf becomes 
thicker. This thickening is at first not easy to observe macroscopi- 
cally ; gradually, however, it becomes stronger and at last generally 
advances so far that the tip becomes stiff and difficult to bend. 

Of the yellow vesicles nothing can then be seen any longer. 

The extent of this region of discoloration and thickening vai-ies 
much in a basal direction; along the edge it generally extends farther 
basipetally than in the middle; always, however, the phenomenon 
is restricted to the apical part of the leaf. A new stage sets in, 
when the surface of the thickened leaf-tip which until now 'had 
remained smooth, on account of the swelling being even, becomes 
uneven : as well on the lower as on the upper surface this may as a 
rule be observed ; on the upper surface it is generally more pronounced. 
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During the first weeks generally no striking changes are observed 
until after about a month a varying number of local elevations, 
yellov*^ like the leaf-tip that produces them, becomes prominent and 
reveals the differentiation of special proliferating centres. 

As a rule we see these grow to real knobs, especially in the 
direction perpendicular to the surface of the leaf. 

While the knobs are still relatively small, brownish grey streaks 
begin to appear on their tops, which gradually extend, so that 
finally the whole knobbed surface becomes brown. 

For some time such a knob shows nothing particular, except that 
it becomes larger and thicker. Next on a certain day a small opening 
is formed in its top, through which a small green point projects, 
which will grow out into a leafed sprout. 

As well on the lower as on the upper surface of the leaf-tip 
knobs may form. Mostly they form on the upper surface, though. 
With some leaves I have observed knobs on both sides at the 
same time. 

The observations on the time, needed by a leaf in order to form 
"ripe" knobs, after the yellow vesicles have appeared, have led to 
somewhat diverging results. The shortest period was observed with 
leaves on the upper branches or in the periphery of the crown, 
which consequently occupied the most favourable position with regard 
to light. On these good-sized, brown knobs had generally formed 
half a year after the appearance of the yellow vesicles. 

Also for the question, how old and how lai'ge a knob must be in 
order to open and give the adventitious bud an opportunity for 
sprouting, no rule can be fixed. I saw one sprout five weeks after 
the knob had first been observed as a special elevation, while others 
were still closed after five to seven months. 

About the size of the knobs we may state that some knobs, 
scarcely rising more than a millimetre above the surface of the 
leaf-tip, opened, while othere of double and even treble the height 
remained obstinately closed. Yet these latter contain as well an 
adventitious bud and not seldom even more than one. 

The microscopical investigation was for the gi'eater part carried 
out on microtome preparations. For fixing the material I used the 
mixture: zincchloride-glaciai acetic acid-alcohol, (2 grams of zinc- 
chloride and 2 ccm. of glacial acetic acid to 100 ccm. of alcohol of 
45 — 50 pCt), recommended by Juel ^). The particular hardness of 

1; H 0. Juel, Ueber den PoUenschlauch von Gupressus. (Flora. Bd. 98. 1904. 
pag. 66— 62j. 
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the leaf tissue made it necessary to treat the material, before being 
embedded in paraffin, during 3 to 4 X 24 hours with a 40 pCt. 
aqueous solution of hydrofluoric acid. After this treatment it was 
then washed for 8 to 10 hours in streaming water, dehydrated by 
the usual method and after treatment with chloroform embedded in 
paraffin (melting point 62° C). 

For staining the sections 1 used at first Haematoxylin-Delafield 
and saffranin, according to the prescriptions given in Chamberlain's 
^'Methods in Plant Histology" ^) ; but this method proved unsatisfactory 
for differentiating the very thin-walled meristem cells. Therefore I 
afterwards always stained with methyl green and acid fuchsin *), by 
which very good results were obtained. 

A consequence of the treatment with hydrofluoric acid was that 
the microtome preparations were not suitable for all observations. 
In these cases I used hand-cut preparations, if necessary stained with 
Haematoxylin-Delafield. 

The anatomy of the normal leaf, on which something may be 
found in literature with Bertrand '), De Bary *), Schbit •) and Haber- 
LANDT •), is as follows. 

The epiderm of the lower and upper surface consists of relatively 
small, cubical cells, the outer wall of which is strongly thickened 
and provided with a strong cuticle and from which capriciously 
shaped and canaliculate outgrowths project into the lumen of the 
cell. (cf. Bertrand, 1. c. PL II fig. 6, 7, 8.). In the epiderm of the 
lower side numerous, irregularly placed stomata are found. 

Under the upper epiderm lies the palissade parenchyma, formed 
by one continuous row of cells, slightly elongated in the direction 
perpendicular to the leaf surface, (dimensions 13 — 21 fi by 21 — 30 fi). 
Between the palissade cells and the lower epiderm lies the spongy 
parenchyma, consisting of tubular cells, the diameter of which is on 
the average 18 fi, as a rule is not more than 9 fi at a partition wall 
between two tubes and does not reach more than 28 fi. Between 
the cells of the spongy parenchyma remains a system of large inter- 

^j C. J. Chamberlain, Methods in Plant Histology 2Q(i ed. Chicago. 1905. 
pag. 30, 38 and 54. 

3 1 Chamberlain. 1. c. p. 40, 44 and 68. 

'i C. E. Bertrand, Anatomie compar^e des tiges et des feuilles chez les 
Gnetacees et les Gonif^es. (Aimales d. Sc. nat. Botanique 5*«™« serie Tome XX. 1874). 

*) A De Bary, Vergl. Anatomie der Vegetationsorgane der Phanerogamen und 
Fame. (Handb. der Physiol. Bolanik von W. Hofmeister. Leipzig. 1877.) 

^f M. ScHQT, Die Tracheiden-Saurae der Blattbiindel der Coniferen etc. (Jenaische 
Zeitschr. f. Nalurw. Bd. XVI. Neue Folge Bd. IX. 1883.) 

^) G. Haberlandt, Physiologische Pflanzenanatomie 2te Aufl. Leipzig. 1886 
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cellular spaces. In the spongy parenchyma numerous thick-walled 
sclerenchyma fibres are found, which are generally ramified and 
often have an enormous length. 

A section through a leaf-tip on which yellow vesicles are found, 
shows that these vesicles are caused by hypertrophj'^ of cells of the 
spongy parenchyma which have there entirely lost their tubular shape 
and among which specimens are found, measuring 91 by 109 p, 
100 by 73 /i, 100 by 113 fx etc. Among the cells, constituting the 
vesicle, some are always found which in unstained preparations are 
conspicuous by their wall being more or less swollen and brown. 
In preparations, treated with acid fuchsin and methyl green, the wall 
of these cells is blue, those of the other cells red. Applying the 
usual reactions we find that these walls have become suberized. Also 
of the palissade parenchyma some cells may have become larger, 
but always in a small degree. 

While in the vesicles themselves the process goes a little further 
still on account of partition walls forming in some of the enlarged 
cells, whose walls Iiave not become suberized, also the region, 
surrounding the vesicles, evidently answering to a stimulus, proceeding 
from them, begins to undergo similar changes. Macroscopically we 
detect this by the more or lesS yellow tint, assumed by the vicinity 
of the vesicles. A microscopical examination of the section shows 
that now also outside the vesicles the cells of the spongy parenchyma 
are hypertrophical. As with the formation of the vesicles the chlo- 
rophyl is disorganised in the hypertrophical cells. 

At this stage no function of importance may be ascribed yet to 
the cells belonging to the palissade parenchyma. 

In most preparations now already the peculiar behaviour is noticed 
of those spongy parenchyma cells which border immediately on the 
palissade parenchyma. While theothercellsof the spongy parenchyma 
swell as evenly as possible in all directions, those which lie imme- 
diately below the palissade parenchyma become enlarged especially 
in a radial direction, thus making the impression of a second layer 
of palissade cells. Since also in later stages they will repeatedly 
draw our attention, I shall in what follows call these cells subpa- 
lissade cells, instead of using the cumbrous longer definition. 

This extension, especially in a radial direction, of the subpalissade 
cells, is illustrated by the following two tables. 



A Subpaliss. cells of a 
normal leaf-tip 

B Subpaliss. cells of a 
yellow leaf- tip 
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Breadth/*: 31 

Height fi.SS 
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In a leaf-tip which macroscopically is distinguished, besides by 
the yellow colour, by a distinct thickening, the intercellular cavities 
of the spongy parenchyma are found to have entirely disappeared, 
excepting a small corner here and there. The mutual pressure which 
the cells consequently begin to exert on each other, causes them to 
assume a more polygonal shape. The cells, bordering on the sub- 
palissade cells and often also the rows, turned towards the lower 
epiderm, show a tendency to stretch themselves in a direction per- 
pendicular to the surface of the leaf. In many spongy parenchyma 
cells partition walls have formed. 

The part, played by the subpalissade cells in the process of tljick- 
euing, is generally a very important one. So I found in a' leaf-tip 
in a place, where it was 332 fx thick (the section of a normal tip 
is on the average 170 fi), cell rows, formed of subpalissade cells, 
partitioned by two or three walls and measuring 90, 110, 115 and 
127 fi in height. — The palissade rows were m these places not 
sensibly enlarged. 

That the different tissues also in the same leaf-tip do not every- 
where play the same part in the process of thickening, appears from 
the following figures, from measurements in two different places of 
the same leaf-tip; 



Height of the palissade cells. 
Height of the subpaliss. cells. 
Height of the spongy pareuch. 



setoAfifi I 



mofst colls with 
2 or 3 partitions 
73 to 82 /A (mostly partitioned) 

273 /t. 



27 ym non-partitioned. 
146 At I ^^^^^ numerous 
273 fJL, 



1 numerous 
partition walls. 



The special thickened outgrowths, mentioned on page 3, are caused 
by the same processes of proliferation which cause the thickening 
of the whole leaf-tip, and which in some places go on with particular 
activity, while the surrounding region seems to come to rest. 

On the upper surface they are formed by locally strong prolife- 
ration of the subpalissade cells. Sometimes also the underlying cells, 
originating from the spongy parenchyma contribute to them and then 
it cannot be ascertained as a rule what part is derived from the 
subpalissade cells and what from the original spongy parenchyma. 
In most cases the contribution of the palissade parenchyma to the 
formation of the special elevations is rather unimportant. 

The special thickenings on the lower surface of the leaf are 
entirely formed by cells which genetically belong to the spongy 
parenchyma but for the rest in exactly the same way as those on 
the upper surface. Since the cells from which they are built up, 
divide parallelly to the surface of the leaf and the so-formed division- 
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cells stretch themselves again, these special thickenings, which at 
first appear as small nnevennesses, grow out into the knobs, already 
mentioned on p. 3. 

How has the epiderm been able to follow the increase of surface, 
accompanying these thickening processes? 

In a normal leaf-tip we find for the dimensions of the epiderm 
cells 9 to 18 fi height and 9 to 29 fc breadth, while in the epiderm, 
covering a special thickening, amidst cells of normal dimensions 
others are found which measured : 

Height /ti : 9 11 18 13 13 9 11 11 9 9 
Breadth /a : 31 36 45.5 86 49 45.5 45.5 42 54.6 4^.5 

Hence some epiderm cells seem really to broaden; whether this 
is only an extension or active growth, I dare not decide. 

Besides, the epiderm soon gives way and is rent. Like the part 
of the epiderm which gives way to the pressure, some cells of the 
tissue underneath die ofi*, the cell- walls turning brown. In this way 
arise the brown sti'eaks on the surface of the knobs which finally 
by extension in tangential direction of this suberizing process becomes 
entirely brown. A special suberizing meristem, a phellogen, is not 
formed. 

The regular structure of these cell-hills is lost as soon as the dif- 
ferentiation of a meristem commences. Some cells, assembled in a 
small group, then enter a new stage of strong growth, which makes 
them conspicuous in the preparations by a more rounded form amidst 
the adjoining cubical cells. A number of the surrounding cells are 
compressed by the pressure which these primordial cells cause by 
their growth, and die. 

Soon the primordial cells divide into a number of small filial cells 
with extremely thin walls and dense contents, after which the 
primordium has become meristem. 

For answering the question in what place in a knob the meristem 
is formed and what is the descent of the initial cells, we have the 
following data. An otherwise 415 to 450 fx thick leaf-tip had by 
local swelling to about 840 fi, formed a knob, which by a small 
depression in the middle was, so to speak, divided into two halves, 
each of which contained a primordium of a meristem. The surface 
of the knob was entirely suberized to a fairly considerable depth. 
In one half the primordium \ay 220 fx below the top of the knob 
and its cells in all probability descended from the subpalissade cells, 
in the other half the primordium lay 180 fi below the surface and 
was of the same origin as in the former case. 
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While in another case a primordium was noticed which genetically 
belonged to the original spongy parenchyma I found in a small knob 
which was still covered by an intact epiderm, and did not rise more 
than 85 fi above its surroundings, and in this case had been formed 
by special proliferation of Ithe palissade parenchym, a distinct young 
meristem immediately below the epiderm. The epidemi cells themselves 
however, did not take part in the formation of the meristem. 

In a word, meristem formation may take place as well by cells, 
descending from the spongy parenchyma and the subpalissade cells, 
as from such as have been formed by hyperplasia of the palissade 
parenchyma, the epiderm, however, plays no part. In other words; 
the adventitums buds on the leaves of Gnetum Gnem^n are endogenic 
formations. 

In the beginning the young meristem inci*eases in size by its own 
active growth as well as by new cells from the immediate vicinity 
becoming meristematic. 

When the meristem has reached certain dimensions, it partly 
becomes loose from the surrounding tissue. This is brought about 
by some of the cells, forming the transition between the meristem 
and the surrounding tissue, being dissolved and resorbed. 

This dissolution process proceeds along the whole upper side of 
the meristem, so that the growing point of the adventive bud comes 
to t)e placed in a slit-shaped space. 

The gi-eater the depth at which the meristem was originally formed 
inside the knob, the thicker is the layer of tissue which ultimately 
separates the bud from the outer world and the further the develop- 
ment within the enclosure proceeds. This explains how it is possible 
that knobs, no lai^er than 1 millimetre, open, while much larger 
ones remain persistently closed. 

The appearance of two meristems within the same knob is a very 
common occurrence; once I found as many as four meristems in 
one knob. 

The buds assume a gi-een colour while they are still entirely 
enclosed within the knob and hence must have the power, like the 
germinating plants of Ephedra and the Coniferae, to form chlorophyl 
independent of light. 

The sprouts growing out of the adventitious buds always remain 

shoil and tender. The biggest I observed reached a height of about 

3,6 centimetres and consisted of a stem with 5 internodes (including 

the basal part) of which the upper one reached the greatest length 

(almost 2 centimetres), while the leaflets on the last node became 

12 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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largest (about 3 cms. long). The position of the leaves is alternating, 
the innervation of the leaf the typical one for Gnetum Gnemon^). 
The leaflets on the first node as a rule remain scale-shaped; in some 
cases, however, they develop to leaflets, differentiated into stalk and 
blade. 

Although in the axils of the leaflets axillary buds ai*e certainly 
formed, I never saw the adventitious sprouts ramify themselves, 
except in a single case, when, as I surmise, of the basal piece of 
an adventitious sprout the terminal bud did riot develop for some 
reason or other, and instead the buds in the axils of the scale-leaves 
sprouted. 

On a differentiation of histogens at the vegetative cone I have not 
been able to form a definite opinion from my preparations of ad- 
ventitious sprouts. 

The numerous attempts which I made, in order to induce the 
adventious sproute to produce roots, have all failed. This agrees with 
the circumstance that in my preparations I have never been able to 
discover anything that resembled root-formation. The sprout-carrying 
leaves which had been planted in wet sand did not form roots either. 
As far as I know formation of adventitious roots does not occur at 
all with Gnetum Gnemon. 

A connection between the vascular system of an adventitious 
sprout and the nerve system of the mother leaf is established by 
procambial bundles, formed by cells of the tissue, situated between 
the meristem and a leaf bundle. 

As a rule we find as the first indication of this vascular bundle 
connection in the immediate vicinity of very young meristems even, 
some tracheids and cells, changing into them. The degree of develop- 
ment, reached at a certain moment by this vascular bundle connection, 
is not directly dependent on the degree of development of the ad- 
ventitious bud in question, but seems to me to stand in close relation 
to the distance between meristem and leaf bundle and to the dia- 
meter of this latter. When a complete connection has been established 
we see the vascular bundles of the adventitious sprout within the 
knob in which the bud has formed, bend towards each other and 
unite with a more or less cylindrical group of locally formed vessels 
and tracheids, the ramifications of which are connected with the 
vascular bundles of the mother leaf. 

When describing the changes, macroscopically observed with a 

ij Viz. Nr. 8 of the leaf nervations, distinguished by Karsten for the species of 
Gnetum [6. Karsten, Untersuchungen uber die Gattung Gnetum. I. (Ann. du Jardin 
Bot. de Buitenzorg Volume XL 1893. p. 195—218;]. 
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leaf in which adventitious buds are forming, it has already been 
briefly stated that the yellow vesicles, initiating the process of bud- 
formation, are caused by a scale-insect, Aspidioius spec. 

That suspicion fell on this Aspidiotus had a very simple reason. 

Although not nearly all the leaves, showing yellow vesicles, 
carried scale-insects, yet the reverse was generally true and it soon 
became apparent that the leaves, carrying scale-insects generally also 
had some yellow vesicles. 

But unexpected difficulties were experienced when it was attempted 
by means of microtome preparations to obtain certainty and a clearer 
insight in what had been rendered probable by macroscopical obser- 
vation. A great difficulty was that the majority of the insects refused 
to stick to the bits of leaf from which the microtome preparations were 
going to be made. While a great part already loosed their hold during 
the treatment preceding the embedding itself, their example was 
followed by most others when they were put into the melted pai'affin. 
It was supposed that perhaps the reason of this was that the scale- 
insects, when coming into the fixing solution, withdrew their suction 
organ from the tissue of the leaf, possibly on accountofapre-raortal 
reactional movement. After this unfavourable result the leaves carrying 
the insects were always treated before fixation with an anaesthetic, 
namely aether. This precaution, however, did not materially improve 
the re8ult43. 

Among the microtome preparations which I obtained in spite of 
these difficulties, there is not a single one in which a scale-insect 
may be seen in a sucking position. But always in the places were 
an insect was on the leaf, in the tissue the changes were found 
which we described as characteristic for the yellow vesicles. 

Here also hypertrophy, accompanied by disorganisation of the cholo- 
rophyl, of cells, belonging to the mesophyl; some of these cells have 
brown walls. Also in the epiderm on which the scale-insect is found, 
some cells are found, the walls of which are suberized and which 
besides are sometimes slightly swollen. 

I was more fortunate with hand-made preparations, some of which 
show the suction apparatus of the scale-insect inside the leaf tissue. 
From these we see that in the yellow vesicles those cells, the wall 
of which has become suberized, have been in direct contact with 
the suction apparatus of the scale-insect and that the other cells, 
which become hypertrophical, only react to a stimulus, exercised by 
the wounded cells. On the character of this stimulant action we 
shall speak presently. 

That here the enlargement of the cell should take place at the 

12» 
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expense of its own contents, as is stated for many similar hypertro- 
phical processes, is not the impression I received. Although in many 
of* the very strongly hypertrophical cells a large central vacuole may 
be observed, yet I saw nowhere reduction of the protoplasm to a 
very thin wall-lining. The nucleus does not show any deviation and 
the cell-wall does not become perceptibly thinner. 

That the sting of the scale-insect not only causes the formation of 
the yellow vesicles but through them also all further changes, in- 
cluding the formation of the adventitious buds, has become clear to 
me by: 

1. the microscopical examination of a very large number of 
preparations, relating to these stages; 

2. the continued observation of a number of leaves on the tree, 
showing that those leaves on which scale-insects or the yellow 
vesicles caused by them, were seen, underwent the above described 
changes, while the control leaves remained free from them. On 
Sept. 13, 1906, the top of that plant which forms adventitious buds 
most strongly and one of its branches were each surrounded by a 
muslin balloon, after they had first been carefully inspected and 
cleaned. These balloons were supported by skeletons of galvanised 
iron wire and closed below by pulling them on to a pad of cotton 
wool, placed round the sprout. At the top of the plant w^ere then 
only young leaves, on the branch full-grown ones, all of them free 
from scale-insects and vesicles. The balloon, surrounding the top of 
the plant had repeatedly to be replaced by a bigger one as the 
top grew. 

On January 22, 1907, the balloon was removed from the branch 
and the leaves were examined. Of two of these leaves the extreme 
part of the top had turned yellow. A microscopical examination of 
these leaf-tips showed, however, that here was no initial stage of 
bud-formation. Hypertrophical cells, such as we ought to have found 
in this case in the mesophyl, were not present. The yellow colour 
was caused by the dying of the tissue, the cell-contents then dis- 
colouring. 

On May 10 the top of the plant was liberated. A number of full- 
grown leaves which at the beginning of the experiment were still 
young and young leaves at lateral sprouts which during the isolation 
had been formed by sprouting of the axillary buds, were now seen. 
All these leaves were perfectly normal, healthy and strong with a 
normal green colour; on none of them anything could be detected 
of yellow vesicles or spots, of none the top showed any discolo- 
ration or thickening. The isolation by means of the muslin balloon 
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IukI not hindered these leaves at all in their normal developraent. 
Only scale-insects and other animals had been prevented from settling 
on the leaves with the formerly described result. 

Similar tumours as the yellow, thickened leaf-tips of Gnetum 
Gnemon really are, have also been repeatedly observed with other 
plants and described under the name of ^'yellow specks" (Gelbflec- 
kigkeit), oedemata or intumescences. The word "Intumescentia" was 
introduced into phytopathological nomenclature by Sorauer with the 
definition^): "Intumescentia" sind "diejenigen Erscheinungen, die das 
gemeinsame Merkmal haben, als kleine knotchenformige oder driisige 
Auftreibungen der Blatter aufzutreten, die meist an diesen Stellen 
gelb verfarbt erscheinen und eine aussergewohnliche Zellstreckung 
ohne wesentliche Zellvermehrung zeigen". That the thickened leaf-tips 
of Gnetum Gnemon are not indeed "kleine Auftreibungen" and do 
present "wesentliche Zellvermehrung" need not necessarily prevent 
us from counting them among the intumescences, since as well very 
large ') or mutually coalescent *) as typically hyperplastic *) intumes- 
cences have been described for other plants. 

We cannot now deal with the very divergent views of different 
investigators about the cause of the formation of intumescences; we 
will only mention that in most cases it has been stated that a high 
temperature and great humidity of the air are essential factors. 

Experiments enabled me to form an idea about the character of 
the stimulus exerted by the scale-insects on the tissue of the leaf of 
Gnetum Gnemon, on which the formation of the intumescences is 
the reaction. After I had tried artificially to produce intumescences 
in leaves by mechanically wounding them in all sorts of ways and 
treating them with poisons, without obtaining the desired result, I 
arrived at the conclusion that either my method of wounding, com* 
pared with that of the scale-insects, was too eoarae or that the 
insect injected some stimulating substance into the leaf. In order to 
settle these points the following experiments were carried out: 1). In 

ij P. Sorauer, Die symptomatische Bedeutung der Intumescenzen (Bot. Zeitg. 
48 Jahrg. 1890. p 241). 

3) H. Y. Sghrenk, [ntumescences formed as a result of chemical stimulation. 
(Missouri botan. garden. 16th ann. report. 1905. p. 125). 

'^) Miss G. E. Douglas. The formation of intumescences in potatoplants. (Bot. 
Gazette Vol XLIII. 1907. p. 233.) 

*) E. KiisTER, Uber experimentell erzeugte Intumescenzen. (Ber. deutsch. bot. 
Ges. Bd. XXL 1903. pag. 452). P. Sorauer, Ueber Gelbfleckigkeit. (Forsch. a. d. 
Geb. d. Agrik. Phys. h. v. Dr. E. Wollny. Bd. IX. 1886. pag. 887). and Intumescenz 
bei Solanum Horibundum. (Zeilschr. f. Pilanzenkrankh. Bd. VII. 1897. p. 122). 
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the leaf-tips extremely small wounds were made by means of the 
sterilised, very ftne point of an injection syringe. 2). The same was 
done after the point had first been stuck into yellow vesicles, caused 
by the scale-insects. 3). A number of yellow and thickened leaf-tips 
were ground in a mortar and a very small portion of the so obtained 
pulp, mixed with some diluted glycerin, injected in several places 
in leaf-tips. 4). The same operation as in 3 was applied after the 
pulp had first been heated to 100"^ C. 

The result was exactly the same in all cases. 

After some ten days small, brown specks were visible in the 
wounded places, which afterwards could still increase somewhat in 
size. A month after the wounding the brown specks had become 
surrounded by a very thin, more or less transparent, yellow margin. 
The brown specks were formed by the cells which had died in con- 
sequence of the wounding, and the walls of which had turned brown. 
In the yellow margin a complex was found of relatively small cells, 
leaving no intercellular cavities. These cells had thick walls and 
their protoplast still contained remnants of the chlorophyl grains. 
The complex was formed by hyperplasia of the whole mesophyl. 
On the border between this complex and the normal tissue some 
cells of the spongy parenchyma had become greatly enlarged, then* 
chioroplasts having become disorganised. After another month it was 
noticed that the leaf-tips in the neighbourhood of the wounded spots 
assumed a somewhat yellow colour, which gradually became more 
and more distinct. Microscopically it could be stated that where 
externally this yellow discoloration was visible, the tissue round the 
wounded spots had undergone precisely the same changes as take 
place round the yellow vesicles, caused by the scale-insects, namely 
a general hypertrophy of the cells of the spongy parenchyma, while 
here and there even a partition wall had already been formed in 
the enlarged cells. 

As was stated above, this result was obtained in all cases, also 
in those in which small wounds had been made without anything 
else. "From which we may conclude that the l^oi Gnetum Gnemon 
may be stimulated to the formation of intumescences and hence of 
adventitious buds by wounding, provided this is very light and that 
consequently the process must be regarded as a reaction on a 
wound stimulus. 

In a disease of carnations which also consists in the formation of 
a sort of intumescences *) and for which it has been shown by 



1) H. V. SCHRENK 1. c. p. 39. 
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Woods *) that it is caused by the sting of aphides, among others, 
Woods thinks the growth of the yellow, thickened spots must be 
ascribed to the diffusion of an irritant, injected by the insect •). 

That a similar hypothesis is superfluous for the "stigraonose" of 
Gnetum Gnenion, appears clearly enough from our experiments. The 
specific point about the wound, made by the suction organ of the 
scale-insect is only that it is so trifling. Only a few cells, namely 
those which are distinguished in the yellow vesicles by brown walls, 
have undergone the direct consequences of it, while the whole 
subsequent formation of the intumescences takes place as a reaction 
on the stimulating action, proceeding from these few wounded cells. 

KusTER*) calls all cataplasms after vulneration, as far as they have 
a parenchymatical character, callus. According to this terminology 
also the tissue of which the thickened leaf-tips of Gnetum Gnemon 
consist, is a **callus" and the buds, formed in them, are callus-buds *). 

Why the two plants from the cooler hothouse did not form callus 
or buds on their leaves, is now also clear. The Aspidiotus, playing 
such an important part in this formation of callus, is also found in 
the cooler hothouse; but for callus-formation the chief condition is 
humidity. This condition was only to some extent fulfilled by the 
cooler, but completely by the hotter house, while also the higher 
temperature in this latter could not but favour the formation of 
callus with these tropical plants. 

Why only the apical part of a leaf is capable of forming caIIus 
and buds, may be explained in the following manner. The small 
wound causes an afflux of nutrient matter in an apical direction. 
If now an accumulation of this matter, which is necessary for the 
hyperplastic formation of callus, shall be possible^ the afflux must 
not be able to pass by, i.e. it must be stopped apically of the wound. 
And this condition is normally only fulfilled in the tip of the leaf, 
in another part of the blade only when the organic relation with 
the tip has been disturbed. 

Botanical laboratory at Utrecht. 



^) A. F. Woods, Stigmonose: a disease of carnations and other pinks. (Bull, 
no. 19. U. S. Dept. Agr. Div. Veg. Phys. and Path. 1900). 

») 1. c. p. 24. 

3) E. KtisTER, Pathologische Pflanzenanatomie. Jena. 1903. p. 151. 

^) See also: E. KOster, Histologische and experimentelle Untersuchuugen Qber 
Intumescenzen. (Flora oder allgem. bot. Zeitg. 96 Bd. 1906, p. 527-^537). 
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Crystallography. — ''The system of crystallization of the diamond^' 
by Mr. A. L. W. E. van dbr Vkkn, candidate mining engineer. 
(Comm. by Mr. Molkngraaff). 

(Communicated .in the meeting of June 29, 1907). 

There still exists some doubt about the system of crystallization 
of the diamond. Although the tetrahedral hemihedrism of the diamond 
is pretty generally accepted, still the opinion that it belongs to the 
regular system, also finds support. 

The existing uncertainty is caused by the lack of physical research 
with regard to this question. Such a research into the existence or 
non-existence of polarity of the trigonal axes has now been made. 
With that object in view the trigonal axes of the diamond were 
tested for pyro-electricity according to P. P. Koch's method*). 
Tourmaline, boracite and quartz, which evinced strongly pronounced 
pyro-electrical characteristics, were used as testniinerals. The result 
arrived at is absolutely negative. The diamond is not pyro-electric, 
and the trigonal axes do not possess polarity. 

Besides, researches were made into the crystalline form of the 
diamond out of a collection of 367 uncut diamonds collected by 
Mr. MoLENGRAAFF. Practically all types of crystallization were repre- 
sented here, to explain which tetrahedral hemidedrism for the diamond 
had been accepted in numerous writings of Groth, Sadebeck, Martin 
and others. The result of this investigation, which is not yet at an 
end, is that a rational explanation of all irregular and apparently 
tetrahedral-hemihedral crystalline forms of the diamond can be found 
in the peculiar octahedral lamellar structure of the diamond. 

On this ground it may be accepted that the diamond crystallizes 
in the holohedral division of the regular system. 



1 



1) P. P. Koch, Ueber eine neue Methode zur Untersuchung auf Pyroeleklricitat. 
Inaug. Dissert. Miinchen, Mainz 1902. 
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Physics. — ''Contribution to the theori/ of binary mixtures. VI. 
Tlie plnitpoint line'' By Prof. J. D. van dkr Waals. 

Continued. See p. 123. 

By the plaitpoint line we understand the continuous series of points, 
in which the mixture is in the plaitpoint state. If we think the 
points of the surface of saturation determined by the coordinates 
T, p and .r, then the plaitpoint line is a curve lying on this surface, 
and its projections on the planes of coordinates are expressed by : 
p=z/^{T)y p=zf^{x) and a:=f^(T). If the surface of saturation 
is given by the coordinates T, v and x, its projections have the 
form: v=f,{T\ v=f,{x) and x=/^{T). The two surfaces of 
saturation mentioned may be derived from eacli other by the aid of 
the relation p = <p{x, v, T). If we have the first mentioned surface, 
the substitution of p leads to the second. However, we might also 
have eliminated T, and obtained a surface of saturation of the form 
F{p, v,x)=:Oy also one of the form F^ip^v, T) = 0. A point of 
saturation being determined and known in all respects if the 4 
quantities T, x, r, and p are known and the equation of state giving 
a relation between these 4 quantities, we may imagine as many 
surfaces of saturation as the number of combinations of 4 quantities 
thi-ee and three. The number of projections of the plaitpoint line 
is then the number of combinations two and two. For the direction 

dT dp dv dp dp dv 

of the projections -7- » t" » T" »";;;; » 'i~y^^^~^ present themselves for 
' da da dx dT dv dT 

consideration, which of course, are not independent of each other. 

The best known shape of the plaitpoint line is that for which the 
initial point lies in the critical point of the first component, and the 
final point in the critical point of the second component. 

In this case there is a point in which the plaitpoint line begins, 
and another in which it terminates ; but such initial and final points 
lie necessarily in such places as are to be considered as natural 
boundary points. Thus initial and final points might also occur for 
boundary volumes (t; = A) — but a plaitpoint line can never have 
an initial or final point for arbitrarily chosen value of v and x. 
Thus in the case that there is minimum or maximum Tk the mentioned 
well-known shape of the plaitpoint line will, it is true, make its 
appearance only in a certain point with gradual increase or decrease 
of the temperature for certain definite value of T — but such a 
point is then necessarily a double plaitpoint, and the plaitpoint line 
itself retains its character of continuous series of points; the double 
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plaitpolnt mentioned is then an homogeneous double pl^itpoint. tf 
then in the v, .r-projection the plaitpoint line is drawn, it proceeds 
again continuously from the left to the right side — and this con- 
tinues to be the case also when the plaitpoint line mentioned has 
more intricate properties, e. g. when there are two heterogeneous 
double plaitpoints, as discussed in '*C!ontribution etc." and also treated 
in These Proc. March 25, 1905, p. 621 and These Proc, June 24, 
1905, p. 184. However, besides this plaitpoint line, another is possible. 
The latter does not cross from the left side to the opposite side. So 
only the possibility is left either that it is a closed curve in the 
V, ar-projection, or that it begins and terminates on the borders v = b. 
We shall proceed to discuss some properties of the special points 
of this line, particularly of the double points of this line. Kortewbg 
has demonstrated that these double points are of two kinds. Either 
it is a double point in which two homogeneous plaitpoints originate 
or coincide — or it is a double point in which this is the case for 
two heterogeneous plaitpoints. Though physically such plaitpoints 
bear such different characters - mathematically they satisfy the 
same criteria, and on the plaitpoint line such an heterogeneous double 
point is the transition point for a series of plaitpoints which might 
be realized, and for a series of unrealisable plaitpoints. 

Minimum or maximum temperature for the plaitpoint line. 

If we suppose a double plaitpoint to originate or to disappear on 

the tp-surface at a certain value of T, two plaitpoints are found at 

somewhat higher or lower value of T. This holds both for the case 

that the double point is an homogeneous and an heterogeneous double 

dT 
point, as we shall briefly call them. For the plaitpoint line -— and 

da 

dT dl^ 

— = in this case. But for an homogenous double point — is also 

dv dp 

dp 
= 0. This property follows from the shape of — , which has been 

CvJL 

derived in Verslag Kon. Ak. v. Wet. Deel IV p. 20 and p. 82 because 

d*v 

= in an homogeneous double point (Contribution etc. These Proc. 

da*p 

dT 
March 30, 1907, p. 745). For an heterogeneous double point -— is 

dp 

dp 
not equal to 0, as also appears from the value given for — , as for such 

<?« d^v d'v _, 

a double point = 0, but —— = — — . That in an heterogeneous 

^ da^p dx^p dx*q 
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dT 

double point — is not equal lo 0, is also innnediately seen when we 
dp 

dT 
consider that for such a point also dp = 0, and — appeai*s there- 

dp 

fore in an indefinite form, the value of which we shall presently 

dv f dv \ 
determine. Hence — = ( — - 1 for such a double point, which is not 
dx \ dx Jp 

the case for an homogeneous double point. 

Of the 6 differential quotients which come in for discussion, three 

are equal to for an homogeneous double point, and three are left 

dv dv dp 

the value of which is still to be determined, viz. — , — and — . 

da dp da 

If we write: 





dT 


dv 


dx 


dx' 


~dT 




dv 




dT 


<h 


dp 


dp- 


dT 




dv 




dl 


dp 


dx 


dx 


dT 



and 



dp 

in all these three expressions both numerator and denominator is 
equal to 0. If in the first we differentiate numerator and denomi- 
nator with respect to Xy in the second with respect to v, and in the 
third with respect to p, we find : 

d^T 
dv da^ 
di~d^Tdv 



dv^ da 
d'Tdp 



dv dp* dv 
~dp~ d^T 
~d^ 
and 
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dp dx* dp 

1^ 

or 

d*T d*T d*T 

/dv\*_diB* /d»Y_^ /'dp'Y_dx* 

[dm) ~¥f' \^) ~d^' \dx) ~ d»r ■ 
d^ ■ d^ d^ 

We may verify these properties by writing for the immediate 
neighbourhood of the minimum or maximum plaitpoint temperature: 

2'= 1\ ±a{x-x,y = 2\ ± ?(v - r.)» = l\±y{p - p,y, 

in which the sign -|- holds for minimum value of T, and reversely 
the sign — for maximum value. 
From this follows: 

« («-«,)' = ? ("-t'.)' = y (p-p.)% 
or 

± («-«,) |/a = ± (r-»,) l/^ = ± (p-/>,) j/y, 
and 

^ = ±|/i^ , ^=±1/^ and ^=db|/X. 

dv dp d^ 
As -— X -7" X -7- = 4- 1> we have to take all the signs positive, or 
dx dv dp 

one positive and two negative. Thus in the case that there is mini- 
mum or maximum plaitpoint temperature, and we choose the direction 

db dv dp • dp 

of X such that — is positive, — > and — <C0 , and so also — 

dx dx dx dv 

dp 
negative. It is, however, not always the case that — is negative. 

dv 

Thus for a plaitpoint line with maximum value of p, | — = j 

dp dp 

also — = and — =: 0. So in such a case reversal of the sign of 
dx dv 

dp 

— must take place. 

dv 

If we examine the criteria for an heterogeneous double point, we 

dT dT dT 

have in the first place — = and -— = 0. Then -— is not equal 

dx dv ' dp 

to 0. But in its slead there are two other differential quotients which 
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dp dp da 
are equal to 0. From t;^ = t~ t;;; follows, if we take into considera- 

dl da di 

dp dx dp 

tion that -— has a finite value, and --- = oo, that — must be 

dT dT da 

dp 
= 0, and also — = 0. That p has maximum or minimum value in 
dv 

the case of an heterogeneous double point has already been repre- 
sented by us in a drawing. (These Proe. March 25, 1905, p. 621, 
and June 24, 1905, p. 184). So of the 6 differential quotients for 
the projections of the plaitpointline 4 are zero. Two are left whose 

dp dv 

value is to be determined, viz. -— and — . 

di da 

dp 



dp da 

df 
da 



\ If we write: — = -— , we find by differentiation of numemtor 

dT dT 



and denominator ; 



d^p 
dp da* 
df~¥f 

d^ 



dT 



dv da 
If we write: -- = "-^, we find: 
da dl 

d^T 



fdvy _ da* 



dv* 

What follows may serve as a verification. Let us again write as 
holding in the immediate neighbourhood of the double point : 

T=T.:iz a{a^a,Y = T. ± ^{v-v.y 
and 

P= P.^r (^'— *o)* — Po =t cf (r— Vo)'. 

For minimum value of T and p the positive sign must be chosen, 
and reversely. So we have the following relations : 

«(«—«•)' = ** (^-^)% 
and 
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y («-«.)» = cf(»-r.)» 

-=£ 

r <f' 



^—^»_^p—p. 






a y 

In tiiis last equation the sign -|- must be chosen, if, as is the 
case, T and p have at the same time either maximum or minimum 
value. We find then : 

dT a 
and 

X 



dai V ? V 

dv f^^\ 
da ~ \dajp,'i 



That this value of -7- = ( -:- I follows from the derivation. 

dp 
So we And a definite value for -— , and as no lower value of T 

exists for minimum value of T, and no higher value for maximum 

value, the ^,T-projeetion of the plaitpoint curve must possess "cusps". 

dp 
That this value of — is positive, and so p and T are at the same 

time maximum or minimum, follows inter alia from the equation : 

_ dv dv ydaJoT 

For, as -- = -; — = — --— — , this equation reduces to : 
da dxpT f^P\ 

\dvJxT 

dT-yd7%' 

Other special points of tlie plaitpoint curve. 

dp 
It appears from the form for -— (Versl. Kon. Ak. Deel IV p. 20) 

dT 

dp 
that also the case that — =: is possible, and for some mixtures a 

Of J. 

maximum value of p in the ^^ T-projection has been experimentally 
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dp dp dx dp dv 
shown. As ^, = -r- tt;, = — t;7,, we derive that in this case also 
dT dx dT dv dT' 

dp dp 

— = and -f = 0, save in exceptional cases. Then p is the highest, 

dx dv 

or the lowest pressure that can occur on the plaitpoint curve. Of 

the 6 differential quotients 3 are again equal to zero^ and 3 others 

da dv dv 

arf» Asrsiin to hfi dAtArmin<^. viz: — . — and — . We find then from : 

dx 



^.^ w^^... *v ^^ ^x- 


dT'rfr 


- 


dp 

dx dT 
dT dp 




dai 




d'p 
(da> Y_ dT* 
KdTJ ~ d'p ' 




dx' 


From 


dp 
dv _dT 
dT dp 




dv 


we find : 


d'p 




/dv\' dT 
\dT) - d'p • 




dv' 


And from : 


dp 
dv dx 




dx dp 


i 


Jv 



we find: 



/dr Y_ dx* 
\dxj d^p 



dv* 
which may be again verified from the equations: 

p=p,dz a(T-T,y =p, db /?(r~.r,)« =p, ± y.v^v.y 
For plaitpoint lines which do not run from ar=:0 to «=:1, and 
which therefore either form a closed figure, or run fi-om a point of 
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the line v = 6 to another point of this line, the value of x may be 

dx dx dx 

maximum or minimum. Then -— ;, ~ and — = 0, and the three re- 

dT dv dp 

maining differential quotients must be determined — and lastly also 

do dv dv 

V might be maximum or minimum ; then -—^ — and — would be 

dT dp dx 

dT dp dp 

equal to zero, and -r-,— and — - would have to be determined. 
^ ' dx dx dT 

Three phase pressure and final point of the three phase pressure 
on tlte plaitpcint line. 

If at a certain temperature three phase pressure exists, there must 
be a hidden plaitpoint on the tp-surfaee, as appears from the foregoing 
remarks. If the spinodal curve is closed on the side of the small volumes 
there is moreover a realisable plaitpoint, and there can even be another 
realisable plaitpoint if the temperature is above the Tk of one of the 
components. Let us call x^ and y^, ^, and v,, ar, and v, the com- 
positions and volumes of the three phases, assuming the first two to 
be liquid phases and the third to be a gas-phase, and let us put 
a?, > 0*^. Now three cases may occur, viz. : ^, ]> ^, ]> ^i ; ^, > .^i > ^i 
and a?,>ar, >a?i. The first case occurs when the ^as phase contains 
moi-e of the second component than each of the liquid phases, and 

so when ( — | is always positive ; the second case when the gas 
\dxJ,:T 

phase contains less of the second component, and so when { ~ ] 

is negative, and the third case requires that the line ( — ) =: 

\dxJoT 

between the two liquid phases. Of the first case an example may 
be found in the mixture water in SO,, mixtures of ethane and some 
alcohols (above methylalcohol) constitute an example of the second 
case, and of the third case the mixture water and phenol is an example. 
As we have an equilibrium which is independent of the size of 
the volume, when for a mixture of 2 substances there exists equili- 
brium of 3 phases, the formula of Clapeyron may serve for the 

dp 
computation of the value of -— , and we may put : 

dT 

dT u 

if W represents the heat which is released with decrease of volume 
when part of the middle phase is converted into the state of the 
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runs 
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two other phases, and u the degree of this decrease of volume. We 
arrive at the same result if we follow the course (Verslag Kon. 
Akad. V. Wetensch. Deel V, p. 482) indicated there, viz.: 






We find the same equation when we have three phase equilibrium 
for a binary system of solid, liquid, and gaseous. And the course 
of the line p=:f{T) is then known. It is a line, consisting of two 
bmnches lying above each other, which smoothly pass into each 
other at a certain maximum temperature, and the upper branch of 
which possesses maximum pressure. In this case, however, the course 
is simpler. For the equilibrium of solid, liquid, and gaseous two 
branches occur; on one branch the liquid is richer in one of the 
components than the solid body, and on the other branch the reverse. 
Where these branches meet, the value of x has the same amount 
for the solid body and for the liquid, and in that point the line 
p=f(T) has an element in common with the melting-point line. 

This is seen from the value of — , if e. g. 

which case -t;= = . 

dT »,— r. 



a?, =r d?, is put in it, in 



And it has, therefore, often been stated 



as a fixed rule, that when two phases have the same concentration, 
the variation of equilibrium with the temperature depends only on 
these two phases, and is independent of the third. Also for equi- 
librium of 2 liquid phases and one gas phase, however, equality of 
concentration may occur between two phases. Thus one of the liquid 
phases may get the same concentration as the gas phase, or the two 
liquid phases may get the same value of a?. Then the above mentioned 
rule does not hold. When a solid body has the same concentration 
as a liquid, and e.g. x^=x^, then ij, is not equal to i],, and v, not 
equal to v,. Then there are, indeed, two phases of the same con- 
centration, but not two identical phases. But when a liquid phase 
has the same concentration as a gas phase this expression means 
that in the three phase triangle one of the sides has been reduced 
to zero, and these two phases have become identical. Then we find 

13 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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after division of numerator and denominator by «, — «,: 



or 



dp 
It appears from the form for --, that this value is equal to 



m, " 



a section is made through the surface of saturation for 



In other words: The three phase triangle in its extreme position 
touches the section mentioned — and to this we might also at 
once have concluded. It will * also be immediately seen, that the 
coinciding of the points or, and a?, of the three phase triangle takes 
place in a plaitpoint, and that therefore the final point of the line 
p=zf{T) lies on the plaitpoint line. Then we have a plaitpoint in 
the point where a?, and or, coincide, and the p, ^-projection of the 
plaitpoint line being the envelope of the j?, T-projection of the sections 
of the surface of saturation for constant values of x, the plaitpoint 
line and the p, T'-projection of the sections touch, and so also the 
final point of the p, jT-prqjection of the three phase pressure, as in 
that final point the last element of this pressure coincides with the 
section mentioned. This contact has not yet been taken into con- 
sideration in former diagrams. If there are two final points of the 
three phase pressure, then there are two separate portions of the 
realisable portion of the plaitpoint lin^ which are joined by the 
three phase pressure, the meeting-points being again cusps, just as 
is the case with the hidden portion of the plaitpoint line. Now, 
however, rises the following question. We know from the shape of 
the section of the surface of saturation at given value of a?, that in 
the simplest case it consists of two branches, and that on the upper 

dp dp 

branch the value of — ; may also be negative. Can now also — ; 

dT dT 

be negative for the three phase pressure? As for as I know this 
has never been observed; but the observations on the rise of the 
three phase pressure with the temperature,t and the other circum- 
stances, viz. the values of x and v, have been only little examined 
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dp 
as yet. If it should be possible that — ; becomes negative, and for 

di 

the present I do not see any reason to consider this impossible, this 

can only take place in the case ofaplaitpoint line descending with the 

temperature. Accordingly the final point of the three phase pressure, 

so the plaitpoint, lies on that part of the section of the surface of 

saturation which lies between minimum pressure and critical point 

of contact, and it is known, that then also the plaitpoint line must 

descend in its p, T-projection, because it is the envelope of the 

. dp 
sections of the surface of saturation. If — , is negative at the final 

dT 

point, this value must have passed through 0; this will then require 
that no heat is released with conversion of the middle phase into 
the two others, and so that if heat is released with conversion into 
one of the two extreme phases, the conversion into the other extreme 
phase is attended by heat-absorption ^). And without further investi- 
gation this cannot be pronounced as impossible. 

dp 
Finally we point out that -p- cannot become infinite. For this it 

would be required that the denominator is equal to zero without 
this being the case with the numerator. Then the area of the three 
phase triangle must be equal to zero or the 3 points must lie on a 
straight line. This is the case when two points coincide, but then 
the numerator is also equal to zero. Now a jp-line — for the three 
points always lie on the same isobar — can indeed be intersected 
by a straight line in 3 points, but in this case this would have to 
occur in the same three points with a g^-line; this observation will 
most likely suilice to put down this case as one that does not occur. 
So we have in the p , T-projection of the threephase pressure a 
curve which, at least as a rule, ascends with the temperature; under 
every point of this line is a point of the plaitpoint line (hidden 
point) and above every point is a second point of this line (realisable 
point). This second point is wanting if the plait should not be 
closed at the bounding volume. 

Shapes of plaitpoint lines {p, T-projection), 

According to the above considerations I shall describe a possible 
shape of plaitpoint line for the case of two components, for which 

1) The diagrams p. 126 Cont. II, in which the value of % and t(?9i for coexisting 
phases has been represented, must be supplemented, when also incomplete 
miscibility is assumed. 

13* 
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rp 

the ratio — ^ is a high value, and for which the temperature, at 

(Pip 
which -— = has contracted to a point, is much higher than Tki* 

As an example take the mixture helium and hydrogen investigated 
by Eamerlingh Onnes and Keesom partly experimentally and further 
theoretically, or the mixture helium and water. As, however, there 
are two shapes possible, I shall describe them both, not stating as 
yet, which of these shapes is the correct one in these cases. 

As b foi hydrogen will be higher ihan b for helium, helium is 
the first component. In the first place we observe that there must be 
a complex plait for T<C^ Tki, which extends over the whole width. 

—^ = has closed on the helium side for Ty> Tk^; but —^ = 

is a closed curve, which extends outside - — = on the helium 

at?' 

side, and so there is intersection of --- = and — - =z= 0. The 

dv* dar 

d*^ 
spinodal curve, which remains near —- = on the side of H,, 

moves further away from this line as we approach the helium side, 

and remains also outside -; — = 0. I shall continue to assume that the 

da* 

spinodal line remains closed on the side of the small volumes. The 

changes which must be made if this should not be the case, will 

be easily applied in the result at which we arrive. Then there are 

three plaitpoints for this T]> Tki* With very small difference of 

T and Tki there is first the ordinary plaitpoint on the helium side; 

and further there are two heterogeneous plaitpoints, viz. a realisable 

one at the very small volumes, and a hidden one (see inter alia 

figs. 12 and 13 of the preceding communications). 

If now the first mentioned plaitpoint should coincide with the hidden 

one, as is assumed in the discussion of these figures, only one single 

plaitpoint would remain ; but another, more intricate case is possible. 

d*%p d^ip 

If — -^ = and — = are quite detached, as will happen with 
dv* da* 

increasing temperature, the spinodal line may viz. either continue to 
run round the two curves, as I have repeatedly drawn, or it may 
split up between the two curves. For splitting it will be required 
that they are so far apart that a point is found between them, in 
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which not only — - and -— - are positive, but the product is equal to 
CM? dv 

/cPtbV /dA 

I — - I — which may the sooner take place when the line I — I =0 

\dadvj ^ ^ \daJoT 

is in the neighbourhoo<1. In this case there originate two new realisable 
plaitpoints. Then there arc 5 plaitpoints at somewhat higher tempe- 
rature, because 2 new ones have been added to the three above 
mentioned ones. And now, as I demonstrated when I discussed such 
a splitting up, at somewhat higher temperature the hidden plaitpoint 
will coincide with one of the newly formed realisable ones, and 
vanish as a couple of heterogeneous plaitpoints. So there are 3 realisable 
plaitpoints left viz. one that is the plaitpoint of the half of the plait 
(transverse plait) on the hydrogen side. And the two others, which 
are the upper and lower plaitpoint of the half of the plait which 
has got detached (longitudinal plait). In other words: one half is a 

plait that surrounds the curve — - = 0, and the other half runs round 

dv 

d*^ d'tb 

— = 0. In this half — - = performs in many respects the function 
etc* dw 

which — == performs as a rule. The splitting up of the spinodal 
dv^ 

line, 80 that a closed longitudinal plait detached itself, can, therefore, 

take place in such a way that this longitudinal plait is found at 

temperatures at which — - = still exists for the same value of a?, 

but is then restricted to very small volumes (mixtures of water and 

phenol); or it may take place in such a way that -— = no longer 

dv 

exists for the same value of x, but then the volumes need not be so 

very small. We might say : the detaching might take place in such 

a way that the two parts of the plait exist above or by the side of 

each other. 

cPip 
Moreover the case may occur that — has quite disappeared, and 

— alone exists. Then only a longitudinal plait is found. This can 
dx* 

only take place for temperatures above Tki and 71,, and if what 

I have called Tg, is larger than Tk^ and Tk^. 

In fig. 27 I have drawn the p,!r-projection of the plaitpoint line, 

which in the t;,a?-plane is again a line which proceeds continuously 

from the left to the right side. At Tk for H^ there are three points 
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Fig. 27. 

of this line; the downmost is the hidden plaitpoint lying between 
E and F. The place of the points JE and F has been arbitrarily 
chosen, so that it may also be possible that E must' lie more to the 
right than Tki . At the value of Tn , the splitting temperature, 2 new 
points appear. At Tf a couple of heterogeneous plaitpoints unite. 
At Tc the detached longitudinal plait would disappear. Between 
Tc and Tj) there are two plaitpoints for the detached plait. The 
three phase pressure runs between G and L, the extremity L having 
been chosen such that the point D (splitting point) lies below the 
three phase triangle, and can, therefore, not be observed. Hence only 
the following 3 parts can be realized by means of the experiment: 
1, H^Gy 2. Hj. ACL, 3. GL. And now, if the hypothesis that the 
plait is closQd on the side of the limiting volumes, should be incorrect, 
we have only to open the upper part at A and C, and to make 
the open branches run asymptotically towards infinitely high. So 
this plaitpoint line is essentially the same as that with the double 
point which I have drawn. Only one of the branches, i.e. the left 
branch, has in addition got a maximum and a minimum pressure, 
and a maximum and a minimum temperature. If we drew the T^- 
projection, there would be 2 maxima and two minima — also in 
the p,ar-projection. But the i;,^-projection remains simple. If the plait 
is closed at the limiting volumes, there is a minimum volume, in 

1) In this figure the shape of the plaitpoint line has been drawn when really 

the spinodal line could run between —^ = and —-^ = 0. Further investigation 

will have to decide whether or no this complication can occur. If it occurs, the 
righlhand side of the plait (transverse plait) will be much narrower, then when 
this complication is not met with. In the latter case the righthand part of the 
plait is a complex plait. 
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the opposite case two points for which i; = 5, come in its stead. 
For neither with an homogeneous double point, nor for an heteroge^ 

neous double point, [-r] =0. And in the point in which ( j- ) =0 



dp 
(see p. 185) -— has not a value which presents any 
di 

particularity. 

The second form will differ from the one described here in so far 

that the temperature at which the detaching of the longitudmal plait 

takes place, is assumed to be equal to TV, (critical temperature of 

ihe second component). 

d^^ 
This may take place if the temperature at which - — = disappears, 

da* 

is not only higher than Tki , but also higher than 7^, (a case to 

which I alluded already before in these Contributions). 




Fig, 28. 
Then the p, ^-projection is given by fig. 28. The highest tempera- 

ture which then occurs, is that at which —— = disappears. 

da 

That for the mixture helium and hydrogen the second shape of 

the plaitpoint line can occur, and that therefore Tg can be > 2\t, 

follows immediately from the formula for the value of Tg (These 

Proc. May 24, 1907) viz.: 

MRT. = 2'-l±^^^ail^a).^-^ 



For the case, namely, that a^ and a^^ may be neglected, and 

6, < 6, and a? > - , we find really Tg > jT^,. Thus we find for 
o 



a? = 0,4, which belongs to 



-^ = 0,3704, MET, > %,% For still 
6, — 6i 27 6, 



higher value of x, this value of Tg would be found still higher, but 
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if a, -}- a, — 2ai, becomes appreciably smaller than a„ this may, of 
course^ be different. In this case the plait remains a complex plait 



as 



far as T= Tk, 



d^ip 



At this value of T has — ^ = 



and -^ = 



disappeared, 
still exists. So above Ti^ the complex plait is to be 



considered as a longitudinal plait. 

If in the case described above we have a plaitpoint line that pro- 
ceeds continuously in {he v,;r-plane, starting on the lefthand side in 
the critical point of the first component, and terminating in the critical 
point of the second component, though a maximum value of x, and 
then also a minimum value may be possible, still another case is 
possible, and most likely this case is met with in the mixture water 
and phenol. Of course the first mentioned line, which starts and 
terminates in the critical point of the components, must continue to 
exist, if we continue to assume that the plait remains closed on the 
side of the limiting volumes. Else it splits up into 2 parts^ which I, 
however, consider as two parts of one and the same branch of the 
plaitpoint curve. If another branch is possible, it must be a separate 
closed curve — which, however, if the plait is supposed open on 
the side of the limiting volumes, may be considered as starting in 
a point of the line v = b, and terminating in another point of this 
line. We meet with this case when the longitudinal plait detaches 
itself at a temperature which is lower than Tk^ and Tt^. As has 
been described above, the longitudinal plait will have quite retreated 
to volumes smaller than those of the liquid branch of the binodal line 
of the transverse plait at a certain value of T higher than the tem- 
perature of detaching. Then the three phase pressure no longer exists, 
and the first mentioned branch of the plaitpoint line, which joins the 
critical points of the components, has its simplest shape. In fig. 29 

1^ 




Fig. 29. 
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the p,!r-projection has been drawn. At T=^Ta, which is lower 
than Tk^ and Tu^, the detaching takes place, and there is an 
homogeneous double point. At T=:i Tb there is an heterogeneous 
double point, and at Td again an homogeneous double point. If we 
suppose the longitudinal plait to be open towards v=:b, p^ must 
be thought infinitely large, and the upper part of this second branch 
disappears. Without doubt the three phase pressure line, which 
terminates in JS, will have its other extremity, i. e. its initial point, 
at T=0. 

We should have a very simple and remarkable case of a closed 
curve for the second branch of the plaitpoint line if the lowest 
temperature at which an heterogeneous double point is formed, lies 
little below the temperature at which this double point vanished 
again — and this temperature lies below TVi and Tk^. Then also 
the temperature at which again an heterogeneous double point exists, 



^>a 



Fig. 30. 



will lie only little higher than the first. Fig. 30 gives then again 
the p, ^'-projection for such a ca«e. There c^m then be a phree phase 
pressure indicated by a dotted line. Tlien the liquid begins to split 
up into two phases at a temperature lying much below Tx^Axid Tx^^ 
becoming homogeneous again at somewhat higher temperature — at 
least if the value of x has been chosen between that belonging to 
the extremities ^f the three phase pressure. In the t;,cc-projection we 
have then a small closed figure with maximum and minimum volume. 

So many different shapes of plaitpoint lines, however, may be 
deemed possible, that they would require a special study. If they 
are found by the experiment, I expect that the rules given in these 
contributions, will prove sufficient to render them intelligible. 

However, I intend shortly to indicate the circumstances in which 
the forms discussed are met with^ more fully by means of some 
mathematical developments. 
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l^hysios. — '*0n the measurement of very low temperatures. XV. 
Calibration of some platinum-resistance thermometers/' By Prof. 
H. Kamerlinoh Onnes and J. Clay. Communication N'. 99* 
from the Physical Laboratory at Leiden. 

(Ck)minunicated in the meeting of June 29, 1907). 

^ 1. IrUroduction. The investigation on the variation of the 
resistance of metal? (pure ones and those with known admixtures) 
set on foot many yeara ago (see Comm. N*. 77 ^ 1 These Proc. 
Febr. 1902) at Leiden, comprises besides the determination of the 
galvanic resistance of conductors made of the different metals, also 
the determination of the expansion for each of these metals. We 
have only little advanced as yet with the latter part of this investi- 
gation, the expansion has only been investigated for platinum, which 
was chosen as standard metal, and then only down to — 182**. *) 
We hope shortly to publish a Communication on the expansion 
down to — 252*C. For the present, however, the knowledge of 
this expansion is not yet of much importance for the investigation 
of the variation of the specific resistance with the temperature. 
When in this investigation we descend to very low temperatures, 
the correction for the expansion becomes so small compared with 
the disturbance in consequence of other influences which are still 
further to be investigated j that we may disregard it for the moment.*) 

The investigation consists then in the calibration of different resi- 
stance thermometers. The wires treated in this Communication being 
chiefly of importance to us as resistance thermometers, we have 
inserted their calibration in this series. 



1) In 'Gomm. N^. 85 (These Proc. April 1905) it was observed for the first time 
that in order to represent the expansion of glass from — 180** to 0° a for- 
mula of the second degree with other constants was required than for the range 
from 0^ to + 100". We found this confirmed in Comm. N®. 95'> (These Proc. 
Sept. *06), and also applicable to platinum, for which a formula of the third 
degree, as we gave one for glass, proved necessary between — 180 * and + 100^. 
Afterwards (Dec. '07) Scheel, who was at first (Zeitschr. f. Instr.k. April '06) of 
opinion that a formula of the second degree could be found for platinum between 

— 190^ and + 100^, come to the same opinion as we, and gave the three constants for 
platinum. Our formula of the second degree for platinum between 0^ and —180° quoted 
by Scheel was used by us to prove, that for platinum between —180^ and +100^ 
a formula of the second degree is not sufficient, but that a formula of the third 
degree is required. In order to show this with given values at +100°, 0° and 

— 190** observations at a temperature about halfway between 0° and — 190°, as 
our — 87°, are more suitable than observations at a temperature between 0° and 
+ 100^, as those by Scheel at -H 56°. 

8) Here it is left entirely undecided whether the variation of the resistance with 
the temperature is not in close connection with the expansion. 
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^ 2. Particulars on the comparison ai^d cm th^ investigated wires. In 
these calibrations we have taken the platinum wire which was 
'compared with the hydrogen thermometer in Comm. N* 95<^ (These 
Proc. Sept. '06) and which we shall call Pti , as standard. We 
determined the variation of the resistance of the other wires by 
bringing them together with Pti at the desired temperature, and by 
then comparing their resistance with that of Pti . The two platinum 
wires Ptm and Ptv were brought in the same cryostat (see ^ 4 
Comm. 95^) together with Pti , and whereas the temperature was 
kept constant with one resistance according to the indication of the 
WHEATSTONE-bridge, the ratio of the resistance of the other to Pti was 
determined by means of the differential galvanometer. P/^was also 
measured separately with the WuBATSTONE-bridge. The difference of 
the results by the two methods amounted only to 0,02 7« a* the 
lowest temperatures. 

Just as Ptiy Ptiii and Pty were supplied by Hbraeus; they were 
delivered at the same time, but later than Pti. The diameter of all 
three was 0.1 m.m. After having been treated and wound round 
the glass (see CSomm. N°. 95^ § 3) in the same way, they were heated 
for a long time in an annealing furnace for glass. Ptm and Pty 
differed only in this respect that after being heated Pty was partly 
unwound, and then wound again, and was not heated in the annealing 
furnace again. 

To obtain also a resistance thermometer of very small dimensions 
a platinum wire of 0,05 m.m. diameter was wound round a tube 
of 1 cm. diameter and about 8 cm. long. The thin platinum wire 
was welded to thick platinum wires which were fused in the glass. 
Consequently the thermometer could be cleaned by means of acids 
if necessary. The thin wire Ptji used for this thermometer, was also 
furnished by Heraeus. 

A fourth wire was investigated to get an idea of. the 

^ 3. Invariability of the resistance thermometers for low tempe- 
ratures with the time, viz. the resistance thermometer with which the 
observations were made by Meilink in 1902, and which we shall 
call Pt^^. The zero point appeared to have remained unchanged to 
one 300000^** *). This was also the case with Pti, after measurements 
had been made at very low temperatures with the resistance ther- 
mometer for two years. 

Repetition of the calibration at low temperatures of 1902 did not 

give an equally good harmony. We found: 

1) The thermometer had got defect in consequence of the bursting of the glass 
cylindres. However carefully it was repaired, yet this gave rise to a diminution of 
length of the wire of 8 mm. or 0,039 "/q, for which a correction was applied. 
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TABLE IV. 






Hydrogen th. 


1902 


1907 


Deviation 
in Q 


Deviation 
in» C 


0» 


1i(K045 


110.048 


— 0.003 




— 18S.63 


2B.602 


28.605 


+ 0.087 


+ o!25 


—497.08 


21 877 


21.990 


— 0.022 


— 0.06 


-209.93 


46.025 


15.934 


+ O.0W 


+ 0.25 



We think that we cannot draw another conclusion from it than 
that the reliability of the measurements with the hydrogen thermo- 
meter in 1902 was not yet so great as it has become now as 
appears from Coram. N". 95**. 

^ 4. Results. The measurements have yielded for the resistance 
of each of the wires expressed in that at 0^ as unity : 



TABLE V. Comparison of different platinum resistance thermometers 


Temperature 


^/ 


^I/I 


Pty 


«Ar 


«rf 


0^ 


1. 


1. 


1. 


1. 


1. 


— 30.53 


0.87892 


0.87846 


0.87799 






-58.58 


0.76685 


0.76632 


0.76643 






— 87.55 


•0.64991 


0.64918 


0.65039 






-103.83 


0.58345 






0.58720 




—109.09 


0.56204 


0.56025 


0.56126 






-140.19 


0.43311 


0.4:^195 


0.43182 






—159.11 


0.35368 


0.35240 


0.35214 


0.35979 




-182.75 


0.25283 


0.25141 


0.250r;9 


0.26022 


0.27374 


—1^.10 


0.20045 


0.19894 


0.19858 


0.20812 


0.22296 


—204.68 


0.15974 


0.15816 


0.15880 




0.18355 


-212.20 


0.12816 


0.12653 


0.12625 


0.13622 


0.15285 


' —216.63^ 


0.11024 ^ 


0.10853 


0.1062i 




y 


—252.82 


0.01421 








0.040637 


-255.18 


0.01244 








0.03766 


—259.10 


0.01053 








0.03646 
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It appears that wires delivered at the same time show the same coui'de 
with only small deviations. A considerable difference in deformation 
of the wire has had only a slight influence for Pty. The great 
difference with wires delivered at different times points to the fact that 
the originally used material and the treatment in drawing the wires out 
decide on the change of the resistance. How great the influence of 
the treatment in drawing is appears from the comparison of P/yj and 
Ptd. They were supplied by Hrraeus about the same time and are 
therefore probably made of platinum of the same degi-ee of purity. 
Yet the thinner wire Ptd decreases much less in resistance than the 
thicker one. At the temperature of liquid hydrogen the differences 
become very large. In view of the results obtained for gold, which 
have been inserted in the following Communication (N*. 99% the 
most plausible explanation is this that the admixtures in the platinum 
of the wires sent by Heraeus, either due to their being less pure by 
nature or to the way of drawing, were less with the platinum sent 
later than with that sent earlier. We come back to this in Oomm. 
N% 99*^. Here we may still mention that Dewar's wire gave 0,30521 
to ours 0,25344 at — 182°, and that only the thickest (0,2 m.M.) of 
Holborn's wires gave a smaller value than ours, viz. 0^21 253 to ours 
0,21786 at — 19r. 

^ 5. Calibration formulae for t/ie new wires. Just as for Ptj we 
have also calculated the constants for each of the wires Ptijj and 
Pty in a calibration formula which is adjusted down to — 21 7° and 
does not give to great deviations at the hydrogen temperatures. 
To be adjusted to the hydrogen temperatures too formulae of another 
form are required. The above mentioned formulae of the form (^4) : 

^ - "^'^^ 10« \ i'^ 

J.09)V 



wt t '' 3 no* 

,^ = 1 + a.t.lO-^ + J.M0~4 + c,t.l0-6 ^dl 



W. ■ ■ ■ ■ V T (273. 

give for the adjustment which we distinguish by Aj: 



(^ 



^/ 


a , 


b 


c 


d 


Pty 


+0.401819 
+0.398291 


+0.0007403 
-0.0026645 


+0.0052641 
+0.0039442 


+0.020666 
+0.016843 



The mean error proved to be greater, for Pty even considerably 
gi*eater than in the calibration in C!omm. 95«, which can be ascribed 
only partly to the indirect method of the determination of the resistance. 
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Physics. — *' Isotherms of diatomic gases and their binary mixtures. 
VI. Isotherms of hydrogen between — 104° C. and — 217° C." 
(Continued). By Prof. H. Kamerlingh Onnes and C. Braak. 
Comraunication N^ 99" from the Physical Laboratory at Leiden. 

(Communicated in the Meeting of June 29, 1907). 

$ 14. Suwey of the deteimiinations. 

The determinations mentioned in this Communication constitute 
one whole with those of Communication N^ 97^. They may partly 
serve to control the earlier determinations at — 104° and — 136°, 
which, being the oldest observations, are not quite so reliable as the 
others. For the determinations of isotherms at lower temperatures 
they are a valuable supplement for the smaller densities from 70 to 
100 times the normal one. With the exception of the isotherm of 
— 217*" the determinations communicated now may also be considered 
as a whole in themselves. To complete this set of determinations a 
part of the isotherm mentioned for the density at about 170 times 
the normal one is still wanting. We hope soon to publish the 
additional determinations referring to this. To the standard-tempera- 
tures at which we determined the isotherms, we have still added 
— 164° C. From the data mentioned in Comm. N*. 97« may be 
derived (see ^ 13 of the communication mentioned) that the point 
where the inclination of the py-curve for exceedingly small densities 
becomes zero, lies at about this temperature. The purpose of the 
determinations at — 164"* is to determine this point, which we shall 
call the Boyle-pointy more definitely. 

The determinations, with the exception of that at — 140°, were 
made at temperatures which differed little from the standard-tempe- 
ratures of Comm. N*. 97**. They may be reduced to these standard- 
temperatures by a simple correction (See Comm. 97^* ^ 6). This 
reduction has not yet been carried out for the isotherms mentioned 
below. In Table XIX the temperatures are given at which the 
measurements were made. They were determined and calculated in 
exactly the same way as those of Comm. N". 97«; just as to these 
latter temperatures the correction of Table XVIII Comm. N^ 97* is 
still to be applied to them. 

We may still remark about the measurement of the pressure 
(cf. ^ 3^, that for the lowest pressures a direct connection with the 
open manometer was required, because the closed auxiliary mano- 
meter cannot be used below 20 atms. 

^ 15. Remarks about the manometers and the piezometers. 
When the determinations were finished, the auxiliary manometer 
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was once more compared with the open etandard-manometer. It 
proved that the normal volume bad again undergone a slight dimi- 
nution, i.e. of 0.00026 of the original value. This comparison was 
made at about 22, 28 and 55 atmospheres. If the calculations of the 
pressure are carried out with the corrected normal volume, the 
remaining differences between the indications of the open and the 

closed manometer are smaller than TTrrT-r of the total pressure. 

10000 ^ 

The steeltube /, with hexagonal portion/, on the stem of the piezo- 
meter 6, (cf. fig. 2 PI. II Comm. N^ 69, for the details at the top 
of the tube compare fig. 4 ibid /j, /„ /,) was soldered to the glass 
stem 6, in the way described in Comm. N\ 94*. Now the packing 
could be pressed down more tightly (cf. J 4 Comm. N^ 97") without 
danger of the block sliding from the stem. 

The dimensions of the different parts of the piezometer were 
about the same as in the determinations of series I of Comm. N^ 97". 
The glass stem had a greater length and a volume of about 12 cm'., 
which enabled us to determine a greater part of the isotherms than 
was possible in series I. The reservoir had the somewhat smaller 
volume of 5.1583 cm*. 

^ 16. Second group of values of pvA - 

In table XIX the results of the determinations have been given 
in the same way as in Table XII of Comm. N*. 97<*. 

In conclusion we express our hearty thanks to Mr. J. Clay for 
his valuable assistance in this investigation. 
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] 





TABLE XIX. 


Hi. Series IV. Values of pv^ . 


N*. 


/ 


P 


i^A 


"^ 


1 


-103?71 


28.423 


0.63208 


44.967 


2 




38.154 


0.63648 


59.944 


3 




48.682 


0.64143 


75.897 


4 




58.317 


0.646:>8 


90.222 


5 


— 139T88 


25.432 


0.49452 


51.428 


6 




33.774 


0.49697 


67.960 


7 




41.273 


0.49967 


82.600 


8 




48,558 


0.50232 


96.667 


9 




25.380 


0.49466 


51.308 


10 


— 164!l4 


22.818 


0.40065 


56.952 


11 




28.688 


0.40164 


71.427 


12 




34.387 


0.40253 


85.427 


13 




39.947 


0.40276 


98.936 


14 


— I83?«8 


20.409 


0.32562 


62.677 


15 




24.7(fi 


0.32550 


75.898 


16 




"28.374 


0.32521 


87.218 


17 




3-2.416 


0.32522 


99.673 


18 




20.400 


0.32557 


62.663 


19 


-lte!l7 


18.554 


0.27867 


66.581 


20 




23.337 


0.27765 


84.(55 


21 




27.879 


0.27622 


100.933 


22 


— 204°69 


16.752 


0.24040 


69.684 


33 




20.456 


0.23880 


^.658 


24 




24.019 


0.23695 


101.367 


25 


— 212!82 


15.416 


0.20644 


74.679 


26 




18.038 


0.20430 


88.296 


27 




20.643 


0.20228 


102.(»1 


28 


— 217!40 


14.638 


0.18742 


78.103 


29 




16.787 


0.18495 


90.766 


30 




18.857 


0.18293 


103.080 
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Physios. — ''On the change of the resistance of the metals at very 
low temperatures and the influence exerted on it by small 
amounts of admixtures'' I. By Prof. H. Kamerlingh Onnes 
and J. Clay. Communication N°. 99*^ from the Physical 
Laboratory at Leiden, 

(Communicated in the meeting of June 29, 1907). 

^ 1. Introduction, In Comm. N*. 99* we called attention to the 
very large differences in the change of the galvanic resistance with 
the temperature, which different platinum wires show when we 
descend to the low temperatures which are to be reached with liquid 
hydrogen. Such differences were still more pronounced for different 
gold wires which we investigated. With this metal (see Comm. N°. 95<' 
These Proc. Sept. 1906) we had taken in hand the investigation of 
the influence of small amounts of admixture announced in Comm. 
W, 77, because the influence of admixing silver would probably be 
important and the percentage of silver could be determined very 
accurately, the possibility of drawing out wires of the different kinds 
of gold and its high melting point moreover rendering this metal 
preferable to the for the rest very suitable mercury. 

Besides, the inquiry into the influence of small amounts of admixture 
on the change of the resistance of gold with the temperature proved 
at once useful as we thought that the gold resistance thermometer 
would be preferable to the platinum resistance thermometer. Dr. C. 
HoiTSEMA, who already obliged us before (see Comm. N". 95^ by putting 
pure gold at our disposal, has had the kindness of supplying us 
again with different samples of gold of high purity, further of pre- 
paring for us different alloys with accurately known small percen- 
tages of admixture, and of determining the impurity which was 
iinally left in the wires after they had been melted down. For all 
this valuable help and for the information which Mr. Hoitsema was 
enabled to give us by his wide experience we express our hearty thanks. 

The investigation of the different gold wires with very small 
amounts of admixture may of course also be considered as the 
calibration of different gold resistance thermometers. (Comp. Comm. 
N*. 99* Jl). We prefer, however, to consideritasapart of our more 
general investigation (Comm. N^ 77) on the change of the resistance 
with the temperature for pure metals, and on the influence which 
small amounts of admixture exert on it. 

As to the change of the specific resistance for the pure metals reduced 
to the most normal state, attention is drawn to the temperature of the 

14 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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point of inflection —^ = 0. the temperature of the point of proportionality 

dr r dr 

— = — and the temperature of the minimum — = 0. It is clear that 

the situation of these points, and the correspondence^) and difference 
of their situation and of the coefficient of variability of the resist- 
ance with the temperature in general for different metals of different 
classes must furnish important data for the theory of electrons. 

The investigation of these points is only possible by the aid of 
liquid hydrogen. Only in some cases — and even then the purity 
of the metal is open to doubt — the point of inflection, whose 
existence was indicated by Dbwar, was found high enough to be 
ascertained without measurements for hydrogen temperatures. For 
metals in the purest and normal state the point of proportionality lies 
probably still below the temperatures which are to be reached with 
liquid hydrogen.' It is true that Dbwar derived from his measui*ement8 
at two hydrogen temperatures that it was surpassed for some of 
his metal wires. Our measurements, however, point to this that as 
a metal is brought to a purer and more normal state, the point of 
proportionality is found to be lower. The metal wire which came 
nearest to this ideal state, was one of our gold wires. Even at the 
lowest temperature the point of proportionality was not yet reached 
for that wire. Probably Dewar's wires were further removed from 
this ideal state. 

With the low situation which we find for the point of proportionality 
measurements at two hydrogen temperatures do not suffice, but we 
have made determinations at at least three hydrogen temperatures, 
because they were necessary to determine the probable situation of the 

pointofproportionality by theaidof— • Until we have reached the pro- 

etc 

portional point, we need not discuss the question of the minimum point. 
In the inquiry into the properties of the metals in the ideal state 
we must know first of all in how far the metal is in this state, 
and else how we can derive what would be found in this state. 
The influence of small deviations in the nature of the metals on 
the change of the resistance with the temperature, becomes so ex- 
ceedingly great for the hydrogen temperatures, that a special investi- 
gation is necessary for them. Here two things have to be paid 
attention to: to small amounts of admixture, and to differences in 



^) In this respect something is to be derived from the formulae given by us in 
this and in the preceding communications. 
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hardness etc. For the present we have left the latter out of account; 
in the investigation of the influence of the admixtures, however, the 
influence of the hardness was as much as possible eliminated by 
our treating the different samples of metals exactly in the same 
way when comparing them, and by reducing them to the same state 
of softness. 

The most natural explanation of the whole of the results obtained 
as yet (in this and the preceding Communication) is to ascribe the 
deviations for the different wires of one and the same metal to 
impurities in the metal, which may also come in during the drawing 
if efficient precautions do not prevent it, and which even in very 
small quantities exert a very great influence on the changes of the 
resistance with the temperature. 

The influence of the drawing is altogether lost for mercury, in 
which it is also easy to ensure uniform distribution of small quantities 
of admixture. This enhances the importance of the study of this metal 
for the investigation of the influence of admixture. In the first place 
we have measured its resistance at hydrogen temperatures which 
had not yet been determined; it is given in ^ 4. It proved that for 
pure mercury *) the inflection point falls in the region of liquid hydrogen 
teniperatures. This is a drawback for the inquiry into the change of 
the resistance with the temperature for pure metals. 

Just as the gold wire Auy (see ^ 2), also the silver wire ^4^/ and 
the platinum wires of the preceding Communication are probably 
purer than Dewar's wires of the same metals. For bismuth, on the 
other hand, Dewar has most likely had a purer sample than we. 
The change of the resistance at hydrogen temperatures for this metal, 
which had not yet been measured by him, has been given in ^ 5. 
The observations for lead for those temperatures, which were still 
wanting up to now, have been given in $ 6. 

The high degree of purity for some of the metals which were 
at our disposal, and the lower temperatures to which we descended 
(solid hydrogen evaporating at 2,5 m.m. pressure) render the decrease 
of the resistance in some cases many times larger than was observed 
by Dewar. To this it is also owing that we have observed the 
great influence, which very small changes in the nature of the metal 
obtain on the change of the resistance at hydrogen temperatures. We 
may account for this by paying attention to the diilerence of the 
resistance of a wire of pure metal at the temperature T, Vix, with 



*) Perhaps in connection with the low melting point. Possibly the point of 
proportionality is first reached for osmium. 

14* 
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that of a wire of the same metal with a proportion of admixture x 
at the game temperature, VxT • According to a theorem of MATTfflESSEN^) 
derix'ed from observations between 0"^ and 100°, this diflTerence (the 
theorem refers to a difference that is about the same as that con- 
sidered here) is constant for different temperatures. Fleming*) found 
this theorem about confirmed down to — 200**. As we have found, 
this theorem no longer holds for hydrogen temperatures. But the 
deviation is not of such a nature as to affect our conclusions. So 
if to form an idea of the influence of the admixtures, we put 
rT='i*iT'^pXf further p constant and large, then it is clear that 
— when ri7' becomes as small as is the case (see Table I Auy) 
for pure metals and hydrogen temperatures — the resistance of a 
metal for the case that x gets an appreciable amount, will be owing 
almost exclusively to the admixture. The small amounts of admixture 
obtain a remarkable influence '). 

Analogues are easily found in the important influence of small 
amounts of admixture on the density in the neighbourhood of the 
critical temperature of a substance, in a space becoming opaque by 
a cloud depositing on a minimum quantity of dust. But for a further 
discussion the systematic investigation of the influence of small 
amounts of admixture should be more advanced. At all events the 
changes of the resistance with temperature at hydrogen tempera- 
tures proves to be a highly sensitive criterion to decide about the 
nature of a metal. 

^ 2. Gold. The different samples of pure gold were all supplied 
by Dr. C. Hoitsema. With the exception of two the wires were all 
treated in exactly the same way, drawn out by Heraeus to 0,1 mm. 
diameter, and treated at every pull with diluted sulphuric acid and 
nitric acid. The gold wire Auyi was drawn in a different way and 
made strongly impure. The exact amount has not yet been ascertained. 



1) Pogg. Ann. Bd. GXXII. 

«) Proc. Royal Institution June 1896 p. 9. 

^) To a less degree of purity of the examined metal wires it is perhaps to be 
ascribed that Nicgolai, Alt. Line. 16, l^t sem. p. 906 finds a smaller decrease of resi- 
stance at — 189^ than we do, as appears by comparison with Tables I, HI, V 
of this communication and V of Gomm. N^. 96*. Indeed Niccolai finds : 





silver 


gold 


lead platinum 


0° 


1 


1 


1 - 1 . . . 


- 189° 


0.2784 


0.3068 


0.3357 0.8198 
[Added in the translation]. 
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Auo is the wire which was calibrated in Coram. N^ 95^. After melting it 
down Dr. Hoitsema found 0,037© impurities. As to the wires Auni, Auiv 
and Auv> Dr. Hoitsbma found about 0.0157o admixture for Auuh 
about 0.0057o admixture for Auiv and Auy- AuAg\ was made of an 
alloy which after the wire had been remelted, contained 0.4 7o 
admixture (probably chiefly silver). Wound round the same glass 
cylinder all wires except Auq and Auaqx were heated at the same 
time in an Annealing furnace for a long time, and slowly cooled, as had 
also been done with Auo and AuAgu so that they were perfectly 
malleable. 

In table I the resistances have been given expressed in that at 
0^ as unity. These were about 9i2. 







TABLE I. 








Change of the resistance of different gold wires with the temperature. 


Temperature 


Aujji 


AUjy 


AUy J 


AUyj 


Au^ 


Agi 


0° 


1 


1 


1 


1 


1 


1 


— 103.R3 


0.50601 


0.59389 


0.59306 


0.64827 


0.60545 


0.64549 


—183.00 


0.27653 


0.27177 


0.27096 


0.37053 


0,30070 


0.37099 


-197.87 


0.21456 


0.20963 


0.20871 * 


0.31659 


0.23908 




—205.01 






0.17897 




0.20992 




—215.34 


0.14058 


0.13407 


0.13337 


0.16822 


0.16681 




-252.93 


0.01602 


0.008743 


0.008103 


0.13669 


0.04554 


0.13942 


—255.13 






0.005691 






. 


-258.81 


0.01095 


0.004205 


0.003601 


0.13241 


0.03982 


0.13288 


t-261] 






0.002713 








[-262) 




0.003257 


0.002526 









To facilitate comparison we may observe that Dewar found 
0.03290, whereas we found 0.008103 at — 252°.93 for Auy^ 

J 3. Mercury. It was doubly distilled and brought into a glass 
spiral. The latter was protected by a bath of pentane, which was 
slowly cooled from the bottom upwards before it was immersed into 
the bath of the cryostat. We found : 



Digitized by 



Google 



( 212 ) 



1 



TABLE 11. 


Change of the resistance of pure 
mercury with the temperature 


Temp. 


Resistance 


0^ 


97.126 


— 483 00 


7.2650 


— 197.87 


6.0103 


— 205.01 


5 3900 


- 215.34 


4.5(^7 


— 252.93 


i.2G13 


— 258.81 


0.7534 



J 4. Silver, This was also supplied by Dr. C. Hoitsema and drawn 
to a wire of 0.1 m.m. bj Heraeus, during which operation it was 
treated in exactlj^ the same way as the gold and the platinum. 
After . the resistance had been determined, the composition was con- 
trolled; the silver contained then O.lSVo impurity. The zero point 





TABLE III. 


Change of t e resistance of silver with the temperature. 


Temperature 


Resistance 
^8l 


0-Cj, 


0-CAjy 


99*. 76 


1.41089 








before 


1 








after 


1 .00037 




» 


- 103.81 


0.58087 


— 0.00042 


— 0.00042 


— 139.87 


0.43282 


+ « 


+ « 


— 183.57 


24679 


- " 





— 195.17 


0.19703 


+ 29 


— 2 


— 204.67 


0.15528 


— 31 




- 252.92 


0.008913 


U 




— 259.22 


0.006142 
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of the silver wire (resistance at C) changes slightlj by being drawn 
out in consequence of the difference in expansion of silver and glass. 
The preceding table gives the resistance expressed in that at 0° as 
unity. (The i-esistance at 0° was 21.519 £2). 

Column — Cd contains the deviations from a formula adjusted 
from + 100' to — 259° of the new form : 



W. 



= 1 +o.l0-2.« + 610-<t2 + cl0-«t3 



"^ \T* ~ (273.09)7 V !^ (273.09)7 * ^ ^ 
which agreed best with the values: 



D 


a 


b 


c 


d 


e 


^Si 


+0.402746 


+0.004355 


+0.004806 


+0.00955 


—0.000013 



For a comparison with platinum and gold the column — ^Ajy 

gives the deviations from a formula of the fonn A (see Comm. 
N^ 95^ and 95^0: 

— ? = 1 + a>.10-2 + 6.eM0-* + c.«M0^6 + d( — ^„^ ^^ | 

W ^ ^ ^ ^ \T 273.09 J 

with values which we distinguish by Ajv on account of the other 
way of adjusting the coefficients. 



Ajy 


a 


b 


c 


d 


Agj 


+0.40355 


-1-0.03968 


+0.005232 


+0.008662 



\ 5. Bismuth. The measured resistance, which we shall also 
investigate in the magnetic field, was that of a bismuth spiral of 
Hartman and Braun N". 301. The resistance expressed in that at 
0^ as unity (the resistance at 0^ was J 7.3138 Q) was: 
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TABLE IV. 




Change of the resistance of Bismuth with the | 




temperature. 




Temperature 


Resist nee Bij 




12<'64 


1.05148 





12'»70 


1.05165 







1 




— 103.71 


63649 


-h 0.00952 


~ 139.88 


0.52865 


— 127 


- 1Ci.05 


/.6246 


- 144 


— 182.73 


41435 


- 69 


— 195.17 


0.38478 


H- 144 


- 204.68 


0.36064 


+ 127 


- 216.C1 


33014 


- 69 


— 253.01 


0.22329 


- 9i 


- 255.34 


o.2i:^ 


o 


— 258.86 


19574 






This column O—Ca,,, gives the differences with a formula of the 
form A (see ^ 4), with values which we shall indicate by Am on 
account of the adjustment at two hydrogen temperatures and over 
the region to 0° : 



^m « 


b 


c 


rf 


Bi, 


40.39;)037 


-fO. 051928 


-H).003S15o 


-0.0079700 



^ 6. Lead. The knowledge of the resistance of lead is of particular 
importance on account of the fact that this metal does not show 
the THOMsoN-effect. Probably the lead used by us, contained no more 
than 0,015 "/^ admixture. 

The resistance of a narrow strip cut out from the flatted lead 
and protected against chemical action by paraffine expressed in the 
resistance at 0*^ (3.18114 fi) as unity was found to be: 
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TABLE V. 


Change of the resistance of lead with the temperature. 


Temperature 


Resistance 


+ 16!33 


1.0652 


O" 


1 


-103.63 


0.59548 

1 


—183.65 


0.29439 


—195.15 ! 0.25257 | 


-204.52 


0.21742 


-216.61 


0.17129 


—252.78 


0.03032 


—255.07 


0.02314 


—258.70 


0.01311 



Physics. — Repetition of de Hken's and Teichnbr's experiments on 
'the critical state'\ by Prof. H. Kameblinqh Onnes and G. H.. 
Fabius. Communication N°. 98 from the Physical Laboratory 
at Leiden. 

(Communicated in the meeting of April 26, 1907). 

$ 1. Introduction. Experiments have been repeatedly made from 
which the conclusion was drawn, that a substance can assume different 
densities above its critical temperature with the same pressure and the 
same temperature, which densities it can retain for hours according to 
some investigators ^). That in reality this is not the case, and that the 

^) TfuUBE Ztschr. f. phys. Ghem 5B p. 477. 1907, cf. also Matbias^ Le point 
critique des corps purs p. 250. 

When with change of density dissociations or yariations of volume of the 
molecules Ihemselyes should made their appearance which clearly require more time 
than the establishment of temperature .^uilibrium through conduction of heat and 
convection, we should when a phase was kept at constant volume after having, 
suffered variation of density, have to find an m.crease Qf the pressure both (or 
liquid and vapour phases and for phases above the. critical temperature; th^rmo^ 
dynamically it follows from this that the density of liquid in equilibrium witht 
vapour would then have to be a function of the time. 
• Gf. Tr4^v«»3. and U$.9ERQn variations of density in consequent of false equifibrla. 



Digitized by 



Google 



( 216 ) 

differences found are to be ascribed to admixtures or to differences 
in the pressure or the temperature of the phases compared appeared 
already when Kubnbn (Comm. n*. 11, Verslag Kon. Ak. v. Wet. 
May and June 1894) repeated Galitzine's experiments (Wied. Ann. 
50, 1893), and found but trifling differences remaining. Afterwards 
when DB Hben (Bull. Ac. Belg. 3e S. t. XXXI '96) had again found 
the differences of density in question by another way, it was shown 
by repetition of his experiments at Leiden (Comm. N*. 68, These 
Proc. April 1901 p. 628 and p. 691), that also these differences of 
density vanish almost entirely for pure CO, when attention is paid 
to the differences of temperature. In the last few years, however, it 
has been particularly Teichner's ^) experiments that have given new 
support to the opinion that after all these differencesof density really 
exist (Drudes Ann. 13, 1904). 

In the lirst place we have repeated db Hben's experiment in 
different ways. Already with the earlier repetition (1901) thermo- 
elements had been introduced for the determination of the difference 
in temperature of the two metal reservoirs of the apparatus, which 
were separated by a cock, the apparatus for the rest resembling that 
of DB Hebn as closely as possible. One of the thermo-elements, however, 
was damaged during the experiments. Though it could be ascertained 
that the differences in density even without correction for the tem* 
perature were considerably smaller than those found by db Hebn, 
probably on account of the greater purity of the CO,, the exact 
amount of the difference remaining after temperature correction 
could not be determined. To replace these measurements by better ones 
a new, improved apparatus with thermo-elements was built, resembling 
for the rest db Hben's apparatus as closely as possible, and with 
this apparatus we made the observations communicated in ^ 3. 
They confirm that the differences in density derived by db Hebn from 
his experiments do not exist for a pure substance when temperature 
and pressure are uniform'). 

1) In the Teighner's tube the same differences of density which Gautzine and 
Wiup (Congr. Intern, de Physique I 668, 1900) had found were shown by Gilbert- 
Faraday*s density-bulbs. What holds for Teighner's experiments applies therefore 
also to those of Gautzine and Wiup. 

*) So if there exist processes as meant in p. 215 note 1, they pass so quickly thai 
it is not possible to demonstrate them by methods which require that the equili* 
brium of pressure and temperature has first been established. As yet nothing 
has been found that points to the fact that the establishment of the temperature 
equilibrium is retarded an appreciable time on account of changes of energy which 
increase in course of time to a definite limiting value, the volume remaining constant* 

It was demonstrated in Comm. N^. 68 that adimxtures and differences of teen- 
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Farther we have repeated Teichner's experiment ^) with more 
precautions than had been taken by this observer. Especially a 
thermoelement (platinum-platinum-iridium not to sacrifice the security 
which the glass apparatus offers for the preservation of the purity, 
of the substance) was adjusted in the upper and in the lower end 
of the Teichner tube, just as in de Ueen's modified* apparatus, 
to enable us to follow the differences of temperature in the tube.*) 
By using COj for the experiment, a high degree of purity could be 
reached, and we came into a region where the temperature could 
be kept constant up to a very small amount. 

If we wish to prevent diffusion between the higher phases and 
the lower ones, the modified Teichner tube (at least when not a 
capillary constriction has been made in it ') is inferior to the 
modified apparatus of de Heen. Moreover when we wish to reach 
the equilibrium of temperature quickly, the bad conductivity of 
heat of the glass is a drawback, but it has the great advantage, that 
the changes of density can be observed at the same time with the 
other phenomena for the critical state. With regard to these pheno- 
mena Travers and Usher (Ztschr. f. phys. Chem. 57, p. 365, 1906) 
and Young (ibid p. 262) published important papers, after we had 
made the experiments mentioned in ^ 7. In the main points our 
observations agree with the descriptions given by Travers and 

perature lead to systematic disturbances as in de Heen*s experiments. Both give 
rise to disturbances of the same character. In the discussion of the influence of 
the differences of temperature the valuable paper by Villard Ann. d. Ch. et d. 
Phys (7) 10. 1897 has been overlooked there. That Teighner*s results might be 
ascribed to small admixtures has appeared in details from the calculations by 
Vkrscuaffelt (C!omm. Suppl. n\ 10, (Dec. 1904). 

. To the influence of admixtures on phenomena in the neighbourhood of the 
critical point attention has also been drawn by Young Journ. de Ghim. Phys. 4 
(1906) p. 475. To this may be added that Keesom, Gonmi. No. .88, These Proc. 
Jan. 1904 p. 598 did not only consider the increase of the pressure during conden- 
sation with constant temperature as a proof of the presence of admixtures, but 
that it served him further to arrive at an opinion on the quantity of the admixture. 

^> This was already mentioned Comm. Suppl. No. 10 These Proc. Dec. 1904. 
Lately Traubb strongly urged the advisability of a repetition. 

*) In a Gagniabd-Latour tube thermometers were fused by Villard. Our tube 
may just as well be called a Vuj«ard tube with density-bulbs as a Teichner tube 
with thermo-elements. 

*) Such an apparatus, if necessary provided with a valve which is worked 
magnetically might be serviceable in the investigation of the variation of density 
with temperature. [After this was printed we noticed that the device of a capillary 
constriction was used by Ramsat, Proc. Roy. Soc. 80 (1880) p. 327. Note added 
in the translation]. 
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(JfiHBR Mel by TouHG, and Bupplement them by giving the variations 
cuf the densities. 

.After what the repetitions of de Heen's experiments had taught 
us again at)out the asserted differences of density at the same pres- 
sure and the same temperature above the critical temperature, our 
i^epetition ^f Teichner's experiments has become rather a first con- 
tribution to the study of the variations of density with temperature 
and pressure by this way, than a refutation of the conclusions 
d6rived from Teichnbr's experiments. We have, however, been able 
to show sufficiently by our experiments that these conclusions are 
erroneous.. 

§ 2.; Repetition of (me of db Hbbn's experiments. As we can refer 
to Comm. ni°. 68 with regard to the choice of the experiment which 
is to be repeated (on account of the systematic character of the 
deviations only one need be repeated), and as on another occasion 
a full description of the apparatus used and the different operations will 
be given, we think that the following remarks on the arrangement 
of the experiments will suffice here. 

1. The pure carbonic acid was prepared by distillation. The 
admixtures are to be estimated at no more than 0,00027 ( ef. 
Keesom Comm. N". 88 II, § 2 and V $ 10 These Proc. Jan. 1904). In 
the apparatus it comes into contact only with metal, glass, and cork 
''packings of this gave a perfect closure after having been repeatedly 
tightened during a week.). 

2. The apparatus, the conduits, and the further auxiliary arran^ 
gements, among which also two metal bottles with the purified 
CO,, are all in connection with a mercury airpump. One of the 
bottles with pure CO, serves for rinsing. From the second the 
desired quantity is conveyed into the apparatus by distillation. 

3> The density in every reservoir is determined by making 
the carbonic acid How from it into a large reservoir with mercury 
ilaanometer kept at constant temperature. In the volumenometric 
calculations the corrections are applied according to the empiric 
equation of state V s. 1 of Comm. n". 74 (Arch. N6erl. (2) 6, 
1901). Errors in the density caused by leakages in the reservoirs 
at high pressure are excluded. It was ascertained by separate 
control experiments that the total amount of CO, in the apparatus 
remained unchanged during the experiments. 

4. The apparatus was kept at uniform constant temperature by, 
liieans of flowing water, a xylene thermori^ulator (see Comm. N®. 70 
III ^ 3 These Proc. May 1901) and a valve stirrer (see Comnu 
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N\ 83 III $ 4 These Proc. Febr. 1903). Sufficient precautions were 
taken to prevent conduction of heat from outside to parts of the apparatus. 

J S. Variations of density found in the repetition of the experi- 
ment of DR Heen after correction of the difference in temperature 
of the reservoirs, 

Db Heen brings the temperature of the two reservoirs (see ^ 2 
beginning) from 28*" to about 35° C, and opens the cock between 
them 6 times four seconds during the heating; then when the 
temperature has become constant at about 35°^ he opens the 
cock once more 6 times 4 seconds. Then he assumes that tempe- 
rature and pressure are the same in the two reservoirs. 

When repeating the experiment (being very careful to prevent 
drops from being scattered from one reservoir into the other) we 
found confirmed by reading the thermo-elements (nickel-iron), what 
was obser^red in Comm. N^ 68 viz. that every time when the cock 
between is opened for adjustment of pressure, a diflference of tempe- 
rature arises between the two reservoirs, and that when closing the 
cock at the end of the experiment a difference of temperature remains, 
which must be taken into account. 

In order to find out in how far the equilibrium of temperature 
and pressure has been reached, we have in the first place made 
three determinations, in which the cock was opened respectively 
2, 4, and 6 seconds every time (probably our cock allowed compara- 
tively less substance to pass than that of de Heen). The results have 
been given in the following table : v denotes the upper, / the lower 
reservoir, so Qi is the density in the lower reservoir ; the numbers of 
times the cock was opened during the heating (distributed over 
15 minutes) and then at constant temperature (distributed over half 
an hour) have been separately given; q>i is qi corrected for to — <^ 

SERIES I. 



Establishment of the equili- 
brium by opening 
the cock 


Pv 


n 


Pll<'v 


■ '« 


*v-h 


Corrected for 
difference of 
temperature , 


^'l 


'''llfv 


6 times 2 -|- 6time52sec. 


0.418 


0.506 


1.21 


34!25 


o!27 


0.456 


1.00 


6 times 4 -|- 6 times 4 sec 


0.424 


0.495 


1.17 


34.40 


0.22 


0.454 


1.08 


6 times 6 + 6 times6sec. 


0.427 


0.489 


1.15 


34.20 


0.16 


0.456 


1.07 


6 times 6 ■{■ 6 times 6 sec. 


0.437 


0.501 


1.15 


34.30 


0.20 


0.466 


1.07 
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The temperature corrections have been borrowed from the graphical 
representation derived in Coram. N®. 68 from Amagat's determina- 
tions. The uncertainty which still prevails with respect to the 
correct course of the isotherms in the neighbourhood of the critical 
state is, of course, also found in these corrections. 

The rather rapid process of the heating from 28* to 35* prevents 
further that the whole apparatus has already assumed the temperature 
of the waterbalh, so that also the observed differences of temperature 
themselves are not quite certain. 

In the following series of determinations we proceeded in the 
same way till the 12**» opening (the 6''' at constant temperature). 
It was put off for 3 hours. When the cock was opened the course 
of the deviations of the galvanometer appeared to be the same as 
in the preceding series; the remaining temperature corrections, 
however, were somewhat smaller than in the !■* series, which we 
ascribe to this that all parts of the apparatus have had time to 
assume the temperature of the waterbath. An increase of pressure 
in the lower reservoir, which should have been found when e. g. 
in this lower reservoir molecules were dissociated during these three 
hours (see ( 1, p. 216 footnote 2), and which should have given rise 
to a greater galvanometer deviation when the cock was opened for 
the last time, could not be traced. We found: 

SERIES II. 



Establishment of the 

equiitbrium by 

opening the cock 


fv 


I'l 


^ifv 


'v 


tv-^l 


Corrected for 
difference of 
temperature 


^'l 


'''ifv 


6 + 54-1 time 2 sec. 
6 + 5 + 1 „ 4 sec. 
6 + 5 + 1 „ 6sec 


0.430 
0440 
0.439 


0.497 
0.489 
0.485 


1.16 
1.11 
1.10 


34°55 
3*.85 
34.40 


ofao 

0.16 
0.15 


0.466 
0.456 
0.452 


i.oe 

1.04 
1.03 



In virtue of what the preceding determinations had taught us 
as to the reaching of equilibrium of temperature and pressure the 
cock was opened 12 times 12 seconds in a following determination, 
and finally two more determinations were made in which the cock 
was opened 12 times 4 seconds and at last once five minutes. We 
found : 
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SERIES III. 



Establishment of the 

equilibrium by 

opening the cock 


fv 


'I 


flK 


'v 


'«-'/ 


Corrected for 

differences of 

the temperature 


'"/ 


P'lfv 


6 + 6 times 12 seconds 
6 + 6 times 4 sec. 
at last 5 minutes 


0.446 
0.427 
0.462 


0.488 
0.446 
0.478 


1.09 
1.04 
1.03 


3i.70 
34.05 
34.00 


o!20 
0.06 
0.06 


0.456 
0.432 
0.467 


1.02 
1.01 
1.01 



From this follows that as the equilibrium of pressure and tempe- 
rature is obtained better, the densities of the phases become more 
and more equal, and that at last after the application of the tempe- 
rature correction only very small differences remain. 

T7ie much more considerable deviations found by de Hekn 
(9//pp == 1.19, see Coram. No. 68) must, therefore, be attributed to 
admixtures and differences of temperature. *) *). 

§ 4. Example of differences of density as found by de Heen, 
caused by a slight impurity of the CO^. 

The great influence of small quantities of admixture is very con- 
vincingly shown by the following results. 

In a group of determinations ending with a repetition of experi- 
ment 2 Series I we found: 



Establishment of the equilibrium 
by opening the cock 


^v 


n 


PiPv 


6+6 times 4 sec. 


0.392 


0.531 


1.35 



It appeared that in consequence of carelessness in the cleaning 
after it had been repaired, in the metal bottle in which the pure 

1) That during the opening of the cock no important exchange of liquidogeneous 
and gasogeneous molecules between the upper and the lower reservoir can have 
taken place (to use the terminology of de Heen), appears from this, that when the 
upper reservoir was filled with air and the lower reservoir with air with 31 pGt. 
GO2, and the equilibrium was established without the cock being opened, after 
the cock had been opened for 5 minutes, only 0,33 percent of GO^ had passed into 
the upper reservoir. 

*) They give both systematic errors of the same character (cf. § 1 p. 2 note 1 
above). 
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carbonic acid was kept, a trace of oil had been left which had 
diffused in the carbonic acid. When we thought -that the whole 
apparatus had been sufficiently cleaned by blowing pure carbonic 
acid through it, we found: 



Establishment of the 

equilibrium by opening 

the cock 


^i; 


n 


nh 


Only 6 times 4 sec. during 

the rise of the 

temperature. 

6 + 3 times 4 sec 

6 + 6 times 4 sec 


0.385 

399 
0.417 


0.555 

0.521 
0.505 


1.30 
1.21 



which by the side of Series I and II gives at the same time an idea 
with what degree of approximation equilibrium of pressure is reached 
by the repeated opening of the cock. Repeating the last determination 
after continued blowing we found: 

6 + 6 times 4 sec. | 0.426 | 0.496 | 1.19 

The last observation harmonizes pretty well with Series 1 N". 2, 
of which it is a repetition, the same deflections of the galvanometer 
being moreover found. It leads to the same (jfilifw 

It appears how misleading even the presence of slight impurities 
may be, and that in Comra. N". 68 the leather packings have been 
justly called a fundamental defect of de Heen's apparatus (cf. 1^2 
above). 

^ 5 Correction for gravity and for slight admixtures in the ex- 
periment of db Heen. Result. 

In order to be able to calculate the correction which is to be ap- 
plied to {/i/qo for gravity, we must know the density as function of 
the level in a column of pure CO,. The accurate shape of the iso- 
therms in the critical state being very uncertain '), this function is 
not accurately known. GrouY has taken Sarrau's equation of state as 
basis for his calculation. We have started from the equation of 
state Vs. 1 of Comm. N^ 74. Only 0,0002 was found for the 
correction at 34° and 8 c.M. difference of level, so that it may be 
neglected. As to the correction for the admixtures for the CO,, when 
we put their amount as given in $ 2, at 0,00027, it becomes 

I) it is just to the knowledge of this shape that observations as made in § 3 
and § 7 may contribute. 
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1 7o ^ J»5 7o at 34°.5 according to the calculations of Verschaffelt, 
Corom. Suppl. N". 10. If the uncertainty of this correction is taken 
into account, we must come to the conclusion, the limit of accuracy 
of our experiments not being higher than 1 7o either, that the diffe- 
rences of density derived by d« Heen from his experiments do not 
exist for pure CO, when sufficient care is taken to ensure equili- 
brium of pressure and temperature. 

$ 6. Repetition of Teichnbr's experiment. An elaborate description 
of the apparatus and the operations will be given on another occasion. 
Here the following remarks may suffice: 

1. Repetition with CO, was considered to be desirable also by 
Trichnbr because it gives more warrants for purity. 

2. A platinum-platinum-iridium thermo-element (used with a mag- 
netically protected galvanometer of Dubois) was sjuccessfully fused 
into Teichner's tube' at the top and at the lower end, so that the 
tube remained proof against a pressure of 150 atmospheres. However 
we did not succeed in making the thermo-elements free from disturbing 
electromotive forces,- nor did they give with certainty the accuracy 
of 0°.01 we wished. The places of contact were fourid at 74 ^^^ V^ 
of the height of the tube. A third thermo-element to compare the 
temperature in the tube with that in the bath would be desirable. 

3. The critical density of CO,, 0.469 ^), being smaller than that 
of CCI4, with which substance Teichner worked, it was much more 
difficult to obtain the required density-bulbs (small glass bulbs) of 
0.365, 0.390 and 0.405. We owe them as well as the fusion of the 
thermo-elements to the skill of Mr. 0. Kesselring, chief of the glass- 
blowing department of the laboratory. By means of Clebsch's formula 
it was found that the decrease of volume of the bulbs at the 
highest pressures can only amount to from V«oo to 74oo- 

4. Still greater care was devoted to the purification of the CO, 
than in the repetition of de Heen's experiment. From a metal 
bottle of CO, as used for the latter, 7i is once more blown off, and 
then 7i distilled over into a second bottle from which under weighing, 
80 much is suifered to escape that a fixed quantity remains. This 
second bottle is connected by glass tubes with the experimental tube, 
a mercury manometer, a mercury airpump and an auxiliary bottle 
(also of metal) with pure CO, for rinsing the conduits, after which 
the fixed quantity which it contains, is quite distilled over into the 



1) Derived by Kbbsom Gomm. N^. 88 These Proc. Jan. 1904, p. 574, from his 
observations by means of the rule of the rectilinear diameter. 

16 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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experimental tube, the latter being immersed in liquid air; at last 
the experimental tube, still immersed in liquid air, is connected with 
the mercury airpump, and fused off. By weighing it is ascertained 
that the desired quantity has been transferred to the experimental tube. 

5. A mode of heating which does not give rise to convection 
currents inside the tube, is considered of great importance also by 
Teichner and Traube, to prevent mixing of what is at the upper 
end and what is at the lower end of the tube. Teichner does not 
accept Young's refutation of his experiments (see Teichner, loc. cit.) 
because in Young's apparatus convection currents are not so well 
prevented as in that of himself. The thermostat used by us, however, 
satisfies much higher demands than that of Teichner. The tube is 
immersed in a liquid bath in a double walled non-silvered vacuum- 
glass which is hermetically closed with a badly conducting lid. The 
glass is provided with a valve-stirrer and an arrangement to heat 
the bath electrically from above, and is itself again immersed in a 
bath with double glass walls, which is likewise provided with a 
valve-stirrer. With the exception of two windows, the space between 
these two walls is tilled with cotton wool, by which the outer wall 
too is surrounded. Like the bath in which the improved apparatus of 
de Heen (§ 2) was placed, the outer bath was kept at constant 
temperature (up to 0^02) by flowing water with the aid of a xylene 
thermoregulator (§ 2). In this way the temperature of the bath in 
which the experimentaltube is, can be kept constant up to 0^,002. The 
heating takes place according to the indication of thermometers divided 
into 50''» of a degree, which are placed in the inner and in the outer 
bath, and is regulated in such a way that everything that might give 
rise to convection currents is as much as possible avoided. 

6. When manipulated the tube was always efficiently shielded 
for the protection of the observer. 

§ 7. Observations, The bulbs correspond with the densities 0.365, 
0.390, 0.405, 0.421, 0.443, 0.450, 0.466, 0.483, and 0.510. 

The position of the bulbs and that of the meniscus (indicated in 
what follows by the read number of the mark of division between 
[]) was read on a millimeter scale etched on the tube ; in the middle 
of the tube the mark 30 is found, the zero point is 20 mm. above 
the bottom. 

In the Jirst experiment the heating took place very slowly; at 
first also the inner bath was (electrically) heated, t refers to the 
outer bath, ti to the inner one. After three hours small gars bubbles 
were seen to rise from the downmost thermo-element, probably 
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caused by conduction of heat along the threads, in consequence of 

tt having increased too much. We observed : 

June 29 1906, 

time te U men. 

llh 2r.% 27M5 [31] 

11 30 27.92 

12 20 30.00 

12 25 30.4 30.39 the rising of the gas bubbles has finished, 

the bulbs begin to show a tendency U) divide 
12 30 30.69 0.365 rises 

12 33 30.83 0.365 at 33 

12 36 30.88 [33] 0.510 begins to descend slowly to 25 

30.94 0.510 at 5 

30.99 0.510 on the bottom 

the separate (electrical) heating of the inner bath is stopped, 
12 40 31.00 31.00 0.365 at 36 

0.483 begins to descend 
12 44 31.00 [34] 0.365 between 38 and 39 

0.483 „ 21 and 22 
U rises very slowly whereas te was all the time kept some- 
what higher to 2i».50 
12 48 0.483 between 10 and 11 

0.365 rises to the top with accelerated 

motion 
0.483 continues to descend very slowly 
12 52 [34.5] 0.483 has arrived at the bottom 

all except 0.510, 0.483, and 0.365 
in meniscus 
1 [35] 0.390 begins to rise 

1 3 0.390 between 37 and 38 with 0.405 by 

its side somewhat lower 
1 10 0.390 between 38 and 39 with 0.421 

below it in a slanting direction 
1 15 [35] 0.421 begins to rise, for the rest like 

I^IO'. 
Looking from the top downward in a slanting direction 
through the tube we observe a slight grey mist which is 
denser in the part below the meniscus. When we look straight 
through the tube, with a light behind the tube, the whole 
shows a light brown colour, which is somewhat darker under 
the menrscus. 
The bulbs continue to move slowly apftrt, the rising ones 

15* 
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moving faster than the descending ones, and the velocity 
of the rising bulbs increasing as they get higher, the same 
thing taking place though in a smaller degree with the 
descending ones. 
2*»15 31.032 the meniscus has gradually got fainter and 

is hardly to be distinguished, only a slight constriction of 
the light band is to be perceived at 35. 
2 20 31.036 0.421 between 42 and 43 

0.443 „ 36 and 37 
0.450 „ 34 and 35 
0.466 „ 32 and 33 
2 50 31.22 the outer bath is further kept at this temperature 
2 50 31.050 the rise of the temperature of the inner bath 

is now exceedingly regular 
4 30 31.096 0.443 in the middle of 53 

0.450 between 32 and 33 
0.466 „ 24 and 25 
The mist in the tube is now equally dense everywhere, 
and becomes gradually less, the moving apart of the three 
still descending bulbs continues slowly and regularly 
8 7 31.210 0.466 lies just on the bottom 

0.450 between 36 and 37; has risen 
4 mm in 2*^15' and so shows a 
tendency to move to the top. 
8 10 The .cooling takea place by reducing the outer bath to a 

lower temperature 
8 30 31.133 0.466 begins to rise from the bottom 

0.450 at the same place 
8 35 Throughout the tube a bluish mist appears 
8 40 This mist gets denser 

8 50 At [15] a thick milky white mist is formed, 

which spreads rapidly upwards and downwai'ds. 

30.984 At [10] the meniscus appears. From the 
upper place of contact of the thermo-elements drops fall 
down, from the lower place of contact smaller gas bubbles 
rise upwards. (The cooling proceeds too rapidly). The meniscus 
rises, 3 bulbs fall quickly into it from above, and 1 rises 
towards it from the bottom. 

The differences of temperature within the tube were found 
to be between 0^02 and 0\03, but in consequence of dis- 
turbances they were often not to be observed. In the obser- 
vation of 8^*7 they were no more than 0^.01. 
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July 5 1906. 

In the second e^vperiment the heating took place somewhat 
more rapidly. In 1*^10' the inner bath was brought at 
9^10' 29\99 The separation of the bulbs has, of course, 

not advanced so far as in the first observation, and the 
deflections of the galvanometer were larger. The tube re- 
mained now farther behind the temperature of the waterbath. 
9 40 31.60 [36] The meniscus is still dimly to be dis- 

tinguished here, and a thin light mist is visible through the 
whole tube. Under the meniscus a somewhat darker band 
of a light brown colour is seen. 

The position of the bulbs is now 
0.365 at the top 
0.390 between 43 and 44 
0.405 „ 42 and 43 
0.421 in the middle 41 
0.443 „ „ „ 40 

0.450 „ „ „ 39 

0.466 between 37 and 38 
0.483 and 0.510 on the bottom. 
31.7 0.390 and 0.405 now go very rapidly to 

. the top followed by 0.421. 

At the place of the meniscus now only a 
slight constriction and a light brown mist band are to be 
perceived. 

10 45 31.900 The temperature is then kept constant till 

11 ^'37 with no greater deviation than 0''.004 and then from 

11 37 31.888 till 2"15 with no more deviation than 0^002. 
2 15 The mist has now entirely vanished and the bulbs are all apart. 

0.510, 0.483, 0.466 on the bottom 
0.450 and further ones in the top, none 
of the bulbs remain suspended in the body 
of the tube; the bulb 0.450 was the 
last to go to the top, whereas 0.466 had 
already been on the bottom for some time. 
A difference of temperature is no longer to be perceived. 
At first the cooling took place more slowly. 
3 31.550 A slight mist is perceived 

3 45 31.040 the mist has become distinctly denser. 

510 30.985 [5]. In this position the meniscus originates 

in a milky cloud in the lower part of the; tube. Finiherthe 
lowering of the temperature proceeds too rapidly. 
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6 25 30.950 |"14]. Three bulbs float in the meniscus. 

A disturbance in the regulation of the temperature of the 
outer bath put a stop to the experiment. 

July llt»» 1906. 

A third experiment did not give any difference with the 
first with slow heating. The temperature was kept still closer 
to the critical, and the heating went still more slowly. Now 
the meniscus descended, and the brown colour under the 
meniscus was particularly pronounced, it was darkest just 
below the meniscus, and gradually faded downward. After 
a slow heating which extended over 107, hours the menis- 
cus disappeared at 

&^ 30^.986. The position of the bulbs was now 

0.443 between 34 and 35 
0.450 in the middle 27 
0.466 between 25 and 26. 
In consequence of a slight disturbance in the regulation 
of the outer bath ti descended to 

6 45 30.984 [25] the meniscus appears, the position of 

the highest bulb does not undergo any 
change, the two others 0.450 and 0.466 
float in the meniscus. 

915 31.010 the meniscus disappeared somewhat lower, 

the brown colour in the lower half is much more intense, 
at last it contracted to a dark brown band of =h 1 mM. 
width just below the meniscus. Gradually it grew lighter 
and shortly after the meniscus it also disappeared ; 
0.443 between 41 and 42 

0.450 23 and 24 

0.466 in the middle 22. 
The temperature at the top of the tube was 0^.01 higher 
than at the bottom. 

^ 8. Conclusions and remarks. An elaborate discussion of the ob- 
servations in connection with other peculiarities of the net of isotherms 
in the neighbourhood of the critical state (cf. Comm. n". 74 and 
Comm. n^ 88 IV § 5, Jan. 1904 and Comm. Suppl. n". 10), and as 
to those on the mist in connection with the observations of Gouy, 
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Travbrs and Usher and Young ^), must be deferred to a later occasion. 
However, some conclusions are obvious. 

As the temperature rises more slowly and the equilibrium in the 
tube is better reached, we can get nearer to equality of density 
of the vapour and liquid phases. We think we found a smaller dif- 
ference in density in our measurements than any of the observers 
before us 'j. 

We did so in the third experiment. The critical temperature was then 
fixed between 30'.984 and 30^986 '). That at 30^984 only a small dif- 
ference in density existed between liquid and vapour appears as follows: 
When the meniscus appeared we found 0.443 for the density of the 
vapour at the height 35. So we estimate the density at 0.452 at the height 
of the meniscus (25) according to the correction of § 5 (doubtful); 
bulb 0.450, however, floats on the meniscus. The density on the 
bottom is <; 0.483 (height (see § 7 beginning) 5 cm. under 30), so 
we estimate the density of the liquid at 0.468 at the -height of the 
meniscus; bulb 0.466 floats. Vapour and liquid differ, therefore, 
certainly less than 7io> ^^^ probably no more than Vjo in density. In 
the first experiment we found Qo ]> 0.421, qi <] 0.483 from which 
Qo ]> 0.430 , Qi <[ 0.468 follow with the estimated correction for 
gravity; so under these less favourable circumstances a difference 
of less than 7i» is most likely realized. These results concerning the 
closer and closer approach of the density of liquid and vapour, 
which quite agree with the views of Andrews-van der Waals, 
deprive the much larger differences of phases at the same tempera- 
ture and pressure above the critical temperature, which Teichner 
derives from his experiments, of all importance *). 

1) This includes the discussion of the mist stage of von Wesenoongk, which 
would constitute the transition stage in the neighbourhood of the critical state, 
and which in any case can only extend over a small part of the region of density 
and temperature where a mist can be seen. 

«) Young, Journ. Chem. Soc. 71 (1897) p. 455 stated at 0^.05 below the critical 
temperature a difference of 14% between the liquid and vapour densities. [Note 
added in the translation]. 

') The readings of the temperature have been reduced to those on a thermo- 
meter which had been controlled with an air thermometer accurate up to 0",01 
by the Phys. Tech. Reichsanstalt. Our result agrees with that of Keesom, 30°.98 
(Comm. N^. 88 see above), made with the same thermometer. Moreover, besides 
and after the determinations of the critical temperature of CO2 cited in Landolt- 
BOrnstein-Meyerhoffer's Phys. Chem. Tables are to be mentioned : Verschafpelt 
Zitt. Versl. Juni '96 (Sr.O), von Wesendonck Verb. d. Deiitsch. Phys. Ges. 
5 p. 238 (30^.95), Brinkman Diss. Amsterdam 1904 (8lo.l2). 

^) It is true we might assume that the equilibrium of liquid and vapour with 
so slight a difference of density as we observed, is only reached after so long a 
time as was allowed in this experiment to obtain equilibrium of temporal ure and 
that at first states with greater difference of density of liquid and vapour (cf. 
note 1 p. 1 § 1 ) appear at the same temperature, which gradually pass into the final 
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It is in harmony with this that a tolerably sharply defined critical 
density can be assigned. We derive 0.460 from the density of vapour 
and liquid in the third experiment for it, which agrees with the 
mean which would follow from experiment 1 at 2*^15, i.e. 0.450, 
and 0.470, derived from experiment li on account of the appearance 
of the meniscus at 25 (cf. further ^ 6 p. 223 footnote J). 

Differences of density as Trichner finds, were also found by us; it 
was in the second experiment at the moment that the meniscus disappears 
with comparatively rapidly rising temperature. However, after the tube 
has been kept at the same tem^ierature above the critical temperature 
for 3 hours, and the temperature in the tube has become uniform 
probably up to less than 0'*,01 0\9 above the critical temperature, 
they have been reduced to less than 0,466 — 0,450, or less than 
3,5 7o> i- ©• after correction for gravity <[ 3,3 7o over 10 cm. 

The remaining diflference in the first experiment 0'',23 above the 
critical temperature after 6 houi-s' heating above the critical tempe- 
rature can be derived from the fact that bulb 0.450 floats 5.6 cm. 
above 0,466. This diflference is no more than 3,5 7o. a"d corrected 
for gravity 2,9 V#. 

From Verschaffelt's calculations follows that at 0°,23 above the 
critical temperature 0,0001 molecule of admixture may cause about 
12 7o difference of density. Differences of temperature and admixtures 
which may account for remaining differences such as those just treated 
are scarcely to be avoided even with the precautions taken by us. 

Nothing has been observed of an "Entmischung" by cooling when 
the critical temperature is approached, asTRAUBE I.e. p. 477 mentions. 

Teichner observed that, after the disappearance of the meniscus, at 

the place where it was found last a transition zone exists towards 

which the differences of density concentrate, whereas outside it the 

changes are only insignificant. In our observations the contrary 

appeared, and the changes in density continue regularly with increase 

of temperature, only the motion of the bulbs was slightly accelerated 

as they approach the top of the tube, and they cover the. last 1 or 

2 cm. very rapidly. In a less degree but in the same way this takes 

place with the bulbs which descended. We consider these phenomena 

!t) be connected with heating and cooling of phases by compression 

and expansion ^). 

state with simultaneous change of the pressure of coexistence (cf. note 1 p. i § 1). 
But the absence of subsequent rise of pressure in the repetition of de Heen's 
experiment (see § 3) has taught us, that already after a very short time after- 
changes of the density no longer occur. 

*) They just as the "Enlmischung" assign that the temperature differences within 
the tube in the experiments of Teichner were probably greater than in ours. 
[Note added in the English translation]. 
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Physics. — ''Contributions to the knowledge of the ^-surface of 
VAN DER Waals. XV. The case that one component is a gas 
without cohesion tmth molecules which have extension. Limited 
miscibility of two games'' (Continuation). By Prof. H. KABfEH- 
LiNGH Onnes and Dr. W. H. Keesom. Supplement N*. 15 
to the Communications from the Physical Laboratory at 
Leiden. 

(Communicated in the meeling of May 24, 1907). 

\ 8. On the temperatures and the pressures on the gas-gasplait. In 
order to form a provisional opinion as to the experimental condition» 
which must be satisfied that limited miscibility in the gas state may 
be observed, and to be able to derive what pairs of substances 
must be considered suitable for this purpose, it is desirable to examine 
for some cases what temperatures and pressures occur on the gas- 
gasplait ^). In the case (§ 2, March '07) of a component without 
cohesion') or almost without cohesion {m<^m^, see § 7), the gas- 
gasplait will occur for all temperatures between the critical tempe- 
rature of the less volatile component and the critical temperature 
of complete miscibility '). Its pressures will then be larger than 



1) In our opinion Mr. van Laar (These Proc. May *07, p. 35, note 2) is 
wrong in thinking that in the case of a three-phase-equilibrium, as e.g. in the 
system waier- ether, our terminology with regard to the distinction between gas 
and liquid does not agree with thai used by vau der Waals. According to what 
has been said about this distinction in § 4, for a three phase equilibrium of a 
system of the type water-ether the denser phase which is rich in water, must be 
called liquid as belongirg to the liquid branch of the connode, just as the less 
dense phase which is rich in ether, mitst be called gas phase ; whether the denser 
phase which is rich in ether is to be called liquid or gas, is not determined by 
the principle of the continuity of the phase along the connode; if the reduced 
temperatures at which this phase appears, are taken into account, also the last 
menuoned phase will be called liquid for the system ether-water in accordance 
with what has been said in § 4. 

«; The second branch of the plailpoint curve in Fig. 1 § 2 (These Proc. March '07, 
p. 787), about which Van Laar speaks in These Proc. May '07, p. 36, has 
there (092 = 0) contracted to a point rc=l, v = b^2* It is true that in the case 
of our § 7 (Plate II, These Proc. March '07) a second branch of the plaitpoint 
curve occurs, but it has been explicitly stated there (p. 795 at the bottom and 
p. 797) that we did not discuss the spinodal curves at the lower temperatures 
at which this branch of the plaitpoint curve makes its influence felt, referring inter 
alia with a view to these temperatures to Van Laab's papers. 

*) As mentioned in § 1 this idea was introduced by Van der Waals, who 
also gave the formulae for the calculation of this temperature (Van Laab calls 
it "third critical temperature"). 
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the critical pressure of the least volatile component. If the sup- 
positions mentioned in § 2 might be applied for this, and the 
values of am and 6m for He might be borrowed from Comm. N^ 96^ 
Febr. '07, p. 660 footnote 2, so that aMHe = Vi 7 » aMH, = 0.0000024 
and ^MHe = Vj ^mHj = 0.00044, this case would be realized for 
mixtures of He and water*). Then we should find Txm = 1056 7a:i, 
so that the gas-gasplait would occur over a range of temperature 
of 36° above 365° 6., and at pressures above 195 a 200 atms. 

In the case that the molecules of the least volatile (Component act 
on each other feebly, but still exert such an attraction that a double 
plaitpoint ') occurs in the net of the spinodal curves, the pressure 
in this plaitpoint and its temperature in connection with the critical 
temperature of complete miscibility give important indications as to 
the pressures and temperatures of the gas-gasplait. 

In table II these data, calculated for the case that the suppositions 





TABLE II 


• 




Pair of substances 


'^kmi'^k. 


dpi A?i 


'^dpv'^kx 


PdplPk, 


1 Hydrogen-helium 


0.933 


0.915 


4.44 ^ 


41.6 


Oxygen-helium 


0.962 


0.957 


8.64 


61.3 


Argon-helium 


0.970 


0.962 


7.90 


64.5 


1 Neon-helium 


1.007 


0.961 


3.72 


18.8 


! NO-helium 


1.031 • 


0.991 


3.76 


13.1 


1 NH»-helium 

1 


1.009 


0.969 


6.20 


25.2 


' HoS-helium 


0.972 


0.970 


13.79 


171 


COj-helium 


0.9540 


0.9536 


15.89 


1045 













>) The ttM and 6m for water have been borrowed from Landolt-BOrnstkin- 
Meyerhoffer's Physik. Ghem. Tabellcn. 

') The appearance of a double plaitpoint near Zm was already observed by 
VAN Laar (These Proc. May 1905 p. 42). The conditions for its appearance,, 
however, were not correctly defined by him (cf. § 9 II). In view of this latter fact 
we thought that we drew sufficient attention to this result of van Laar by 
referring the reader to van Laar's papers, (see p. 797 footnote!). The detaching 
of a longitudmal plait at high temperatures, which leaves the i|^-surface with its 
open side turned to t; = ft, follows immediately (see These Proc April '07 p. 848 
footnote) from the general consideratioiis and calculations of van dbr Waals Cont. II 
§ 19 sqq. and van der Waals' diagram in Zittuigsverslag Kon. Akad. Nov. 
1894 p. 133, when the case a) cf. § 9. I, a case which van Laar has not 
included in his considerations, does not occur. 
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mentioned in § 2 might be applied, have been given for some helium 
mixtures. Tkm has here been calculated according to van der Waals 
Cont. II, p. 43 (cf. § 6), Tdpi according to the formula mentioned 
jn $ 7, pdpi from the equation of state w^ith the just mentioned 
Tdpi and the va^i also represented in formula in § 7 ^). 

The reduced temperature of the double plaitpoint TdpilTkxi men- 
tioned in this table, gives an idea in how far the phases in its 
neighbourhood behave as compressed gas-phases. 

The values of a and b of the different components have been borrowed 
from KoHNSTAMM, Landolt-Bornstein-Meykrhoffer's Physik. Chem. 
Tabellen ; for those of helium see above ; for neon we have made use 
of the ratio of its refractive power ') to that of helium according to the 
determinations of Ramsay and Travers '), and of the estimation con- 
cerning the critical temperature by Travers, Senter and Jaquerod^). 

It appears from table II that when the gas-gasplait can make its 
appearance, the range of temperature within which this is the case 
^between Thn and Tdpi), on the mentioned suppositions is small for 
most of these pairs of substances, for some even exceedingly narrow. 

For the pressures on the gasplait higher values than pdpi will have 

>) Though originally we did not consider the developments which led us to the 
explicit expressions for the double plaitpoint mentioned These Proc. March '07 
pp. 796 and 798 of sufficient importance, now that van Laar (see These Proc. 
May '07 p. 41) thinks the derivation of such like expressions impossible there 
is a reason for communicating them on a following occasion. 

*) Happkl, Habilitalionsschrifl Tubingen 1906, p. 30, found that the refractive 
power for argon, crypton and xenon would yield values for h which greatly deviate 
from the 6's derived from the critical data. When according to the principle of 
the corresponding states (cf. Happel loc. cit. p. 31, note 1) we compare the ratios 
of the refractive powers for these gases with those of their critical volumes 
(derived from pk and Tk) the deviations are far less considerable. So with regard 
to this property, these one-atomic gases form a group, just as is the case with 
the bi-atomic and with a great many more-atomic substances (Guye, Joum. de 
phys. (2) 9 (1890) p. 312), 

8) Ramsay and Travers, Phil. Trans. A197 (1900; p. 81. Yet we must 
remark that when comparing this ratio for helium and argon according to Ramsay 
and Travers with the ratio of 5He according to our estimation and hx derived 
from pk and Tk , we should find an important deviation (cf. note 1). Also in 
view of this the data concerning mixtures of helium and neon are very uncertain. 

*) Travers, Senter and Jaquerod, Phil. Trans. A 200 (1902) p. 177. Their 
views, however, on a connection between atomic weight and critical temperature 
lead to an unlikely result for the critical temperature of helium. 

The determinations of isotherms of neon by Ramsay and Travers, loc. cit 
have been of as little use to us as those of helium for the determination of a and 
h (different particulars in the course of the isotherms of the one-atomic gases 
given by these scientists in plate 2 loc. cit. do not seem very probable to us). 
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to be expected as a rule. Thus it appears from table II that these 
pressures become very high, if the circumstances are not very 
favourable. 

It would have a very favourable influence on the circumstances* 
of temperature and pressure at which limited miscibility in the gas 
state might be obser^•ed, if it should pro\e that for mixtures of 
helium with another gas a\2U is smaller than is expressed by 

l^aiiM «22M •^)- 

$ 9. Mr. VAN Laar's remarks, (These Proc. May '07 p. 34—46) 
which imply that we have set forth some of our results as new, 
whereas they had been already derived and published by him 
before, compel us to the following explanations in order lo show the 
incorrectness of these assertions. 

I. As to part of these observations, they are best refuted by shortly 
repeating the train of thought followed by us. 

When we applied (the equations laid down by van der Waals 
with regard to the spinodal curve') in Cont. II, § 19 sqq., trans- 
ferred to the tf?-surface for the unity of weight, to the case that one 
of the components is a gas without cohesion ') with molecules which 
have extension, we arrived on the suppositions^) mentioned in § 2 
at a plait which starts from the side of the small volumes, comes 

>) These Proc. March '07 p. 796 note 1, and van der Waals These Proc. April '07 
p. 831. 

2) The equation for the spinodal curve of the molecular d-surface(cf. VanLaar 

These Proc. May '07 p. 37 al the top) was given by Van der Waals in Cont. 11. p. 45, 

da db d*a 

equation (1) in a form which after substitution of -_-, — and -z-j passes imme- 

(ttC (liC O/X 

diately into that used by van Laar. (See van Laab, These Proc. May '05 p. 33 

at the bottom). The equation given by us p. 788 referred to and was deriveil from 

the equation for the d-surface for the unity of weight (These Proc. Bee. '06 p. 510), 

For the rest we differ from the opinion repeatedly expressed by Van Laar (inter 

alia These Proc. May '05 p. 34), that it would be more difficult and more elaborate 

to derive the equation of the spinodal curve and also that of the plaitpoint curve 

from the J^-function than to do the same from the ^-function. 

^) This investigation was announced in Comm. No. 966, Dec. '06 p. 502. 

d'6 
*) When we were not allowed to put ^ - =0 for and in the immediate 

neighbourhood of v = b, as we did -(cf. Van der Waals Cont. II p. 42), the spinodal 

curve wnll always be closed towards the side r = 6 as Van der Waals observes 

I.e. and These Proc. April '07 p. 848. It is then to be expected, at least for 

d*6 
small ^-^, that the plait in question makes its appearance for the first time at a 

maximum plaitpoint temperature, and for the rest extends to the large v's in the 
same way as the plait described here. 
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into contact with the line a::=0 at a certain temperature, and crosses 
in a slanting direction from v = b to the side x^^O at lower tempe- 
rature (^ 2 These Proc. March '07 p. 787). Comparison of this result 
with VAN Laar's papei*s induced us then to cite (p. 786 footnote 1) that 
the latter already treated the projection of the plaitpoint curve on the 
V , A*-plane for the case of a gas without cohesion, but without 
further investigating the shape of the spinodal curve and of the plait 
for this case. Now that van Laar (These Proc. May '07 p. 35) says : 
"The case that a plait starts from C^ ^) to C\ '), or also at the same 
time from C, to C^ (when there is a minimum temperature in the 
plaitpoint line) is not new (see Kamerlingh Onnes and Kebsom, p. 788 
below), but has been before described and calculated by me in all 
particulars", we have once more looked through his papers. 

It would have been good if Mr. van Laar had indicated the place 
where we had to look for this description of the plait treated in 
^ 2 and indicated by van Laar in the italicized words (the italics 
are ours); we have not been able to find this description in his 
preceding papers even on this renewed careful perusal'). 

That the shape of the plait described by us occurs for tempera- 
tures above the critical temperature of the least volatile component 
led us to the considerations on limited miscibility in the gas state 
mentioned in ^ 3 sqq. 

Always availing ourselves of the above mentioned equations of 
van der Waals, we examined then if also with a„ > such a plait may 
occur for values as they are to be expected for mixtures with helium. 
We saw in ^ 7 (These Proc. March '07 p. 795) that for the case of 
the plaitpoint curve running from K^ to K^ (called type 1 by van Laar) 
3 cases are to be distinguished: a) that with falling temperature the 
plaitpoint gets from /C« on the t|>surface, and proceeds regularly 
towards K^; b) that with falling temperature a plaitpoint coming 
from Ktn and one coming from Ky^ unite to a double plaitpoint ; c) 
that the plaitpoint gets from K^ on the tp-surface and proceeds 
regularly towards Km (without double plaitpoint with minimum 



1) Our Km. 

2) Our Zi. 

*) On the contrary he says in his paper These Proc. Sept. 1906 p. 231 (cf. Van Laar, 
These Proc. May 1905, p. 42 at the bottom) : '*: In former papers it has been demon- 
strated that in the neighbourhood of Co a minimum plaitpoint temperature makes its 
appearance both with type 1 in the line C^C^ and with type II in the line CqA, and 
that therefore with decrease of temperature a separate plait begins to detach itself 
starting from Co at a definite temperature Ty (the plaitpoint temperature in C^), 
which plait will merge into the main plait (or its branch plait) later on in an 
homogeneous double point. 
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plaitpoint temperatui^e). The conditions for the occurrence of these 
cases were defined by us by means of the equations (2) and (3) 
there. From this appeared that with very feeble attraction the case 
a) occurs, with greater attraction the case 6), whereas with still 
greater attraction case c) occurs (supposing the system to belong to 
type I). 

We have found neither the case a) as we already observed above, 
nor the case c) in van Laar. We did find the case 6), chiefly with 
regard to the treatment of what takes place at lower temperatures, 
when three-phase-equilibria occur. For this treatment we referred 
to van Laar (cf. These Proc. March *07 p. 797). 

From the fact that van Laar has declared this shape b) to hold 
universally for type I (cf. p. 235 footnote 3 ; see also van Laar p. 36) 
it appears in our opinion, that van Laar has not only left the cases 
a) and c) unmentioned, but has decidedly overlooked them. ^) 

U. One more remark remains to be discussed. In ^ 7 we put 
as the two criteria of the case 6), the course of the plaitpoint 
curve being from K^ to Km (see above), in which case a minimum 
plaitpoint temperature occurs (supposing 6j2M<[^iim): 

1>^a22M/aiiM>y -1 + \/i + 3 622M/6mm 
and 

1^a22M/ailM< — (1 — t22M/*llM) + l/l — 622.m7*MM -|- (^2211/^1 1 M)'. 

Mr. VAN Laar points out (These Proc. May '07, p. 45, appendix), 
that the fii-st-mentioned condition corresponds with a condition for the 
occurrence of a minimum plaitpoint temperature, derived by him These 
Proc. Dec. '05, p. 581 (and Vbrschafpelt These Proc. March. '06 
p. 751). In our opinion, however, Mr. van Laar is mistaken when 
he thinks that the one condition stated by him is sufficient in all 
cases to decide as to the occurrence of a minimum plaitpoint tem- 



1) We might consider the course of the spinodal curves in case b\ if this is 
also extended to values of a; > 1 and < 0, and oi v<h^ as a more general case, 
from which the cases a) and c) might be obtained, at least qualitatively and 
when we restrict ourselves to the region of the |r-surface (1 >a:>0 and v<h) 
that is of importance for the treatment of mixtures. This might be done by cutting 
out a region bounded by a; = and a; = 1, and a suitable line v = h in the same 
way as van der Waals These Proc. Feb. '07, p. 621 sqq. treats the course of the 
isobars (cf. § 7 p. 796 of this Communication). We have not found a single indication 
that VAN Laar's description of case h) is to be interpreted in this way; from the 
phrase, quoted p. 235 footnote 3 e.g. we should much sooner conclude to the contrary. 

At any rate the distinctions which are of physical importance, have not been 
made. 
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perature. Nor can his considerations of Dec. 1905 give an indication 
to conclude to the occurrence of a minimum plaitpoint temperature 
in the branch K^ /C« of the plaitpoint curve. For there van Laar 
starts from the value of dTxpi dx at the critical temperature of the 
most volatile component called TV, by us. The condition that at 
7|:,, the lower of the critical temperatures of the components, 
dTxfA/dx <:^0y implies that if the plaitpoint curve crosses from K^ to 
K^y a minimum temperature must occur in it.*) Van Laar (These 
Proc. May '07 p. 43), considers now the value of dTxpildx for the 
least volatile component (for K^, It is clear in our opinion, that at 
the highest critical temperature the condition dTx,d/djj <^0y which 
coincides with the ttrst of the inequalities mentioned (cf. p. 797 
last sentence of the alinea at the top), does not give any indication to 
conclude to the occurrence of a minimum plaitpoint temperature. 
That if for K^ dTxf,i/da;<^0, really one of the conditions for the 
occurrence of a minimum plaitpoint temperature in the branch KiK^ 
of the plaitpoint curve has been fulfilled, van Laar has, in our opinion, 
only shown by his considerations on the situation of the double 
plaitpoint, not given until April (translated in These Proc. of May) 
at the same time with his remarks, which considerations agree with 
those which had led us a month before to the statement of the two 
conditions mentioned. 



1) Only if the plaitpoint curve crosses from Ki to Zg, this condition is sufficient 
to conclude to the occurrence of the mmimum plaitpoint temperature (cf. tan 
Laar p. 46); for if the branch of the plaitpoint curve starting from Ki bends 
round to van Laar's point A (a;= 1, v = bii in our notation), we cannot speak 
of a minimum plaitpoint temperature in the sense which is generally attached to 
this word. 

A similar consideration gave rise to our remark in note 2 p. 795, which 
remark we are obliged to maintain in spite of Mr. van Laar*s contradiction, 
p 46. (Wrongly Mr. van Laar thinks there, note 1, that in our note instead of 
"maximum-temp.*' *'minimum-temp.'' should be read, which might also immediately 
appeal* by comparison with the cited text of Versghaffelt). 
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Physics. — *'Some remarks on the last observations of Prof. H. 
Kambrlingh Onnes and Dr. W. H. Kbesom." By Mr. J. J. 
VAN Laar. (CJommunicated by Prof. H. A. Lorentz). 

In the Proceedings of May 24 (1907) Prof. Kambrlingh Onnks 
and Dr. Kebsom answered some remarks which I published in the 
Proceedings of April 26 (1907) (in reference to their last papers). 

I may be allowed to revert briefly to the chief points of this 
answer. 

a. P. 235, line 14—18: "It would have been good*', etc. 

In fact the course of the plait in the case referred to by Prof. 
Kambrlingh Onnbs and Dr. Kebsom has not been given by me. I 
confined myself to investigating the course of the plaitpoint line in 
general. The results which I obtained on this point harmonize fully 
with what was found by Kambrlingh Onnbs and Kebsom. ^) 

b. P. 236, line 7—15. 

In my papers published in These Proceedings only the case b 
has been mentioned (in which a minimum temperature occurs on 
the branch C^C, of the plaitpoint line). The reason of this is, that 
I then (7 June 1905 and 10 January 1906) only worked out 
the case 6^ = 6, , in which such a minimum always occui-s. ') 
The formulae which I developed afterwards for the general 

case ft, o 6, (see Tbyler I, II and III), [which last publication (viz. 

Ill) was delayed by ciix'umstances independent of my will], contained 
the possibility of the three cases a, b and c. As a matter of 
course Prof. Kambrlingh Onnbs and Dr. Kbesom could not take this 
yet unpublished investigation into account, and I only mention the 
fact to prove that the possibility of the cases a and c had not 
escaped my notice. 

c. P. 236. "In our opinion, however, Mr. van Laar is mistaken 
when he thinks that the one condition stated by him is sufficient in 
all cases to decide as to the occurrence of a minimum plaitpoint 
temperature." 

1) At the same time I am glad to declare that I completely acknowledge the 
priority of Prof. Kamerungh Onnes and Dr. Keesom in bringing to light the possi- 
bility of plaits which proceed without minimum from C, to Q and inversely 
(cases a. and c. of Kamerungh Onnes and Keesom j, the knowledge of which is 
necessary for understanding the behaviour of binary mixtures, containing as one 
component a substance with weak attraction. 

^Note added in the English translation). 

8) Afterwards I have seen that also for 61 = ^9 the case a. does occur, when 
it is not supposed that Tq < 2^ . (Note added in the English translation). 
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1 may remark about this that I liavc meant nothing else — which 
it seems, I ought to liave sot forth more clearly — but to conclude 
to the existence of the minimum temperature, when the plaitpoint 
temperature at the extremity of the branch of the plaitpoint line 
where the condition in question is fulfilled, is lowei' than at the 
other end of that branch, in which case this one condition is really 
sufficient.^) 



ERRATA. 
In the Proceedings of the meeting of February 1 907 : 

p. 660 1. 5 from the bottom: for *'least" read: ''most' 
p. 662 table II in the heading read MJM, = 2 

In the Proceedings of the meeting of March 1907; 
p. 765 1. 13 from the top: read: 

dpvj^ 
table VII, for : a^ read : 

p. 778 1. 13 and 14 from the top: for a,, read: «^ 
p. 785 1. 17 from the bottom: Insert: 

For the temperatures in liquid hydrogen first the correction is to 
be applied which will prove to be necessary according to Coram. 
N". 95^ § Sb and § 8. 

p. 796 the value for given in equation (1) is to be multiplied 

_ 1— •'»i»f 

by i^anv/aiiM^ 



1) But I readily concede that Prof. Kamerlingh Onnes and Dr. Keesom have been 
the first to deduce both conditions for the minimum and to take in consideration 
the cases a and c. (Note added in the English translation). 



(October 31, 1807). 
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Physiology. ^- '^ About Odour-affinities'*. By Prof. H. Zwaardemaker. 

(Communicated in the meeting of September 28, 1907). 

The great number of odours occurring in nature and in technics 
may, by virtue of the current opinions in literature, be divided into 
9 classes, which may be indicated by historical names ^), chiefly 
borrowed from Linnaeus. These classes are : etherial odours, aromatic 
odours, odores fragrantes, moschus odours, allyl odours, empyreu- 
matic odours, capryl odours, narcotic odours, odores nauseosi. I 
have selected from each class a representative which, chemically 
well characterized, can in a very simple way be made fit for olfac- 
tometric investigation (by dissolving the chemically pure odoriferous 
material in paraffinum liquidum '), with one exception, viz. muscon, 
which is odourless in by itself odourless paraffine, and which there- 
fore has been used mixed with myristine acid. They are: 

isoamylacetate 0.67o 

nitrobenzol 57© 

terpineol 2.5 V^ 

muscon 0.6277, 

aethylbisulflde 17ooo 

guajacol 17oo 

valerian acid 17ooo 

pyridine Vj^ 

scatol 17oo. 

If in the double olfactometer two of these materials are joined 
together, there occur among the 36 combinations thus obtained no 
real mixed odours, but because they are counterbalancing each 
other, either an odourless mixture or rivalry is obtained. Odourlessness, 
respectively indeflniteness of odour, with change into odourlessness 
by rarefaction of the airmixture, is met with, when the stimuli are 
weak ; rivalrj^ i. e. the alternate preponderance of one or the other 
of the two mixed odours is met vrith, when the stimuli are strong. 
However, also in the last case the impression, made by the mixture, 
is considerably weaker than the impression that every odour by itself 
brings about. 

As unit of smelling-power I take the olfaction, i. e. the smallest 
quantity of odour of a definite quality, which can be recognized 

1) H. Zwaardemaker, Physiologie des Geruchs. Leipzig 1895 p. 207. 

•) Not water, but l^araffinum liquidum has been chosen as a solvent because it 
is desirable to work for months at a stretch with the same cylinders without 
alteration of the solution. 
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by a normal organ of smelling ("Erkennungsschwelle", "recognizing- 

limit"). 

If tlie above mentioned paraffinic solutions are evaporated at a 
temperature of 15° C. and give off smelling material to a current 
of air brushing past with a velocity of 76 cub. cm. per sec, 
one olfaction will be communicated to the latter per 50 k 100 
cub. cm. of air by shoving out the cylindric evaporating surface to 
a definite cylinderlength. Thiffcylinderlength amounted on an average: 

for the isoamylacetate-solution to 0.2 cm. 



nitrobenzol-solution „ 


0.03 „ 


terpineol-solution „ 


1.1 


muscon-mizture 


0.15 „ 


aethylbisulfide-solution „ 


0.015 „ 


guajacol-solution „ 


0.3 


valerian acid-solution „ 


0.03 „ 


pyridine-solution „ 


0.02 „ 


scatol-solution „ 


0.003 „ 



In judging of this table, it should be taken into consideration that 
tiie numbers have sometimes been obtained by taking the cylinder- 
lengths during the experiment actually 10 or 12 times longer and 
by rarefying the air in the reservoir .that is smelled at, 10 or 100 
times. Thus the objection was obviated, on the one hand that small 
cylinderlengths should not be capable of being read with precision, 
on the other hand that the evapomtion should not regularly take 
place from very narrow strips. 

The mixing of the odours, which are to be joined together two 
by two, took place in a common reservoir, which, provided with 
two stop-cocks had been placed downstream the double olfactometer. 
The symmetry of the latter, in view of the resistance offered to the 
current of air, was previously examined by means of a bridge of 
Wheatstone applied to air-sti-earas, while the purification of odours 
adhering by absorption between each number of two experiments 
has taken place by a permanent stream of air and electric warming 
of the wall of the reservoir. The reservoir in which the mixture 
takes place was smelled at by means of a separate tube, the down- 
stream cock being opened. 

The 36 combinations procured indefiniteness of odour or rivalry, 
if p olfactions of one odour and 9 olfactions of the other showed 
a proportion of p/j, of the following amount : 

16* 
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TABLE 


• 


Mixti 


are 


pq 


Degree of completeness ' 
of the compensation 


isoamylacetate and nitrobenzol 


44 


indefiniteness* 


n 




terpineol 


1.32 


moderately acid additional odour 


It 




muscon 


0.0625 


indefiniteness 


If 




aethylbisulfide 


0.244 


complete compensation* 
indefiniteness 


If 




guajacol 


3 


» 




valerian acid 


O.Ol 


rivalry 


» 




pyridine 


3.6 


indefiniteness* 


II 




scatol 


0.0037 


indefiniteness 


nitrobenzol 




terpineol 


1.375 


indefiniteness • 


if 




muscon 


0.434 


M 


» 




aethylbisulfide 


0.111 


If 


n 




guajacol 


0.65 


n 


» 




valerian acid 


0.03 


If 







pyridine 


3. 


n 


II 




scatol 


0.012 


indefiniteness* 


terpineol 




muscon 


0.125 


n 


» 




aethylbisulfide 


0.067 


somewhat aromatic remainder 


II 




guajacpl 


1. 


rivalry 


» 




valerian acid 


0.05 


almost complete compensation 


II 




pyridine 


0.53 


» V If 


muscon 




scatol 
aethylbisulfide 


0.12 

1 


indefiniteness 


II 




guajacol 


0.03 


tolerably satisfactory 


■ 




valerian acid 


2.7 


almost complete compensation 


„ 




pyridine 


1.2 


rivalry 


If 




scatol 


0.2 


indefiniteness* 


aethylbisulfide 




guajacol 


0.056 


rivalry* 


11 




valerian acid 


1.2 


indefiniteness 


If 




pyridine 


32 


very indefinite empyreum. odour 


jf 




scatol 


0.0075 


indefiniteness 


guajacol 




valerian acid . 


0.03 


w 


» 




pyridine 


0.016- 


indefiteness* 


If 




scatol 


0.0007 


ly 


valerian acid 




pyridine 


4 


» 


pyridine 




scatol 
scatol 


1.2 
0.42 


indefiniteness 



The details of these experiments and more particularly the absolute 
quantities which were made to be the foundation of each combination 
of odours, will soon be communicated elsewhere in a more extensive 
treatise. 

The proportional number given in the table holds good, besides 
for a definite average combination, also for an adjacent group of 
stronger, respectively weaker stimuli. For this zone holds good the 
rule that if p olfactions of an odour are compensated by q olfactions 
of another odour, this must likewise be the case for np and ny 
olfactions. Fechner called the intensities of stimulus and sensation, 



') P < q. 

s) Marked with an asterisk are those cases in which by an intentional experi- 
ment it has been proved that the proportional number is applicable to a certain 
zone of stimuli 
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mutually increasing and decreasing in due proportion, the cardinal 
values of stimulus and sensation. By analogy we might speak here 
of cardinal . values of the stimuli counterbalancing each other, leaving 
altogether out of the question whether this proportion will prove as 
easily explainable as that which Fechnek has in view. The zone for 
which the proportional number of the table holds good, may therefore 
be called the zone of cardinal proportions. 

From the fact that at a simultaneous impression two odours can 
neutralize each other, it follows that the action of these stimuli on 
the organ may be represented by two vectors, standing as it were 
for two forces, which in general act more or less in opposite direc- 
tions, the direction of the vector of the strongest odour (answering 
to q in the table) being chosen in such a way that the co-sine 
of the angle that it forms with the continuation of the vector of the 
weakest odour (answering to j> in the table) is exactly equal to 
tlie proportion found for piq in the combination concerned. For in 
this case the vector of the strongest odour may be thought to be 
replaced by the sum of two other vectors: one in a direction opposite 
to the vector of the weakest odour, and one at right angles to it (in 
the plane of the original vectors). If, moreover, the two original vectors 
are given equal length, each with such a unit of length as the propor- 
tional number implies, i.e. for the vector 9 and its components of g/p 
times more weight than for the vector^, the neutralization of actions 
that has to be symbolized by the original vectors, will have been 
accurately expressed. For the vector p and one of the components 
of vector q will represent equal, but opposite forces. We shall only 
have to consider the direction of the other component of vector q 
as direction of odourlessness, in order to have duly accounted for 
the complete lack of sensation. 

A second set of vectors can be placed in the same system, pro- 
vided the two sets have one vector in common. Starting from of a 
new proportional number p'/^^' the new third odourvector that has 
been introduced, may then be given a definite direction with regard 
to the first odourvector; also the second and third vectors may be 
given their relative directions by means of a third proportional 
number p"/?"- The latter, it is true, can be done in two ways, 
according as the third vector is reached by a right- or a left-handed 
rotation starting from the vector answering to p, but of these two one 
may be chosen. To the combination pjq' belongs a vector of odour- 
lessness at right angles to the vector of weakest odour and to the 
combination p"/?" a vector of odourlessness at right angles to the vector 
of weakest odour. The units of length of these vectors will in general 
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hever be the same and also differ according to the combination that 
one has in view. As, however, we have never mutually combined three, 
but always two odours at a time, it will never be necessaryto occupy 
ourselves with the units of length of the three at the same time, nor 
does this change of units, depending on the case considered, raise any 
objection. Even in our further demonstration this does not give rise 
to any difficulty, as we are never going to mutually compare vectors 
but when they have the same direction with regard to an independent 
vector that is at the same time considered, in other words possess 
with respect to the latter about the same units of length]*). 

A third set of veclors can, speaking generally, not be placed in 
the same system, even though it has one vector in common with 
the (wo preceding systems, for the fourth vector will in general 
have to be given different directions, according as it is considered 
in connection with the first and second, with the first and third or 
with the second and third. But what is in general impossible, may 
in special cases prove quite practicable. Let us consider this. 

If we number our nine standard-odours with the figures 1 to 9 
and likewise the corresponding vectors, each time two of these 
vectors can be fixed and the rest arranged with regard to these two 
vectors, which are definite in their situation. The question we put 
just now, comes to this: Is the mutual relation between the odours 
perhaps so as to make some of these last seven vectors coincide? 
In consequence of mistakes in the experiment a complete coincidence 
will no doubt be out of the question, but let us consider whether it 
happens within a margin of error of at most 1 7© of 2:r difference 
of direction (= 3.6°). For this purpose we have first combined 1 
and 2, considering all the others with regard to these two; then 1 
and 3 are fixed, the rest arranged according to this, etc. till all 
combinations, 36, have occurred. In each of the combinations seven 
vectoi^s were met with, whose situation with regard to the two 
vectors previoui^y chosen had to be traced in order to see whether they 
coincided or not. For each set of two previously determined vectors 
this gives rise to 42 judgments, so that in all 1512 judgments have 



1) The proportional numbers as tliey have been empirically composed and taken 
together in our table, form 252 possible constellations of three vectors. Among 
them there is only one which, also as to the units, is completely satisfactory for 
all three proportions at the same time. It is the constellation in w^hich terpineol, 
scalol and valerian acid are combined. The length of the vectors measured by 
means of a joint unit of length amounts in this case to 1 for the terpineol-vector, 8 
for the scatol-vector and 20 units for the valerian acid vector. 
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been necessai'j for 36 combinations. However, as each case is repeated 
once, there are in reality 756 separate judgments. 

Just now we said it was necessary that never other vectors than 
those about equally directed, which accordingly possess about the 
same unit of length, should be mutually compared. If we keep this in 
view, the following constellations ai-e identical within a limit of 1 •/• • 



isoamylacetate and nitrobenzol 
valerian acid and scatol 

isoamylacetate and guajacol 
nitrobenzol and guajacol 
muscon and scatol 
aethylbisulfide and valerian acid 



each four times 



each three times 



isoamylacetate and terpineol 

isoamylacetate and aethylbisulfide] 

nitrobenzol and terpineol 

terpineol and guajacol ) each once 

muscon and aethylbisulfide 

muscon and valerian acid 

aethylbisulfide and scatol 

together 27 constellations *). 

Some of these 27 constellations give rise to reciprocity, in such a 
way, that the vectors which are identical to two previously deter- 
mined vectors, make the latter identical, when they themselves are 
previously determined in their mutual situation. This occurs in : 

isoamylacetate] <- I muscon] -> i isoamylacetate 

and with regard to and \ with regard to ( and 

terpineol 1 -^ ( scatol ) ^- ( guajacol 

Though the coincidence of two odour-vectors, if considered with 
respect to two other odour-vectore, is already very remarkable, a 
coincidence of 3 vectors is still more interesting. This has been 
realized in the following cases, if we extend the limit of error to 27»: 



') This figure rises to 42, if besides complete coincidences also coincidences 
with reciprocal values are taken into consideration. 
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isoamylacetaat 

terpineol j with regaid to niuKCii end uatcl 

guajacol 
nitrobenzol 

terpineol | with regard to aethjlbisulQde and scatol 

guajat'ol 
muscon 

valerian acid ! with regard to isoamylacetate and terpineol 
scatol 
aethylbisulfide j 

valerian acid ' with regard to nitrobenzol and terpineol 
scatol I 

Even a coincidence of 4 vectors, has been found once, and that for: 
isoamylacetate 
nitrobenzol 
terpineol 
guajacol 

The planes in which the vectorsofodourlessness, belonging to these 
odours, meet, have the form of a cone, respectively with the vector 
of valerian acid and that of scatol for their axis. 

If we cast a glance at the sum of the results arrived at, it 
is especially the coincidence of several vectors at the same time 
which draws our attention : 4 vectors with regard to valerian acid and 
scatol, 4 sets of 3 vectors each time with regard to two others. 
Evidently there exists between the coinciding vectors agreement in 
action on our consciousness for those definite cases. But some of the 
coinciding vectors are repeatedly found together. Their mutual agree- 
ment must therefore be of a more intimate nature, otherwise it could 
not reveal itself so frequently and in so many different circumstances. 
This closer connection exists e.g. between isoamylacetate and nitro- 
benzol, which in no less than 4 cases become reciprocally identical 
to IVo ^f *be circumference of the circle; a connection only a little less 
close between nitrobenzol and terpineol, nitrobenzol and guajacol and 
isamylacetate and guajacol, which do the same in 3 cases; a connec- 
tion not quite wanting between isoamylacetate and terpineol and 
terpineol and guajacol, where also these appear to coincide to IVo- 

But also the vectors with regard to which the coincidence of 
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several vectors comes about, are closely connected with each other. 
Valerian acid and scatol, with I'egard to which no less than 4 vectors 
beconie identical, have 4 mutual coincidences, to 17e and also the 
vectors with regard to which the coincidence of three vectors takes 
place^ show in 3 cases out of 4, a plurality of identity. Considered 
from certain definite points of view, therefore, they must have some- 
thing in common in their action upon our consciousness. 

If we ask ourselves what physical importance the relations found 
might have, it must be this that odour-mixtures formed from the 
coinciding vectors possess tixants in common and these fixants will 
have to be found in the odour-classes to which, the vectoi*s with 
regard to which they are placed, belong. In perfumery are known a 
number of such fixants rendering useful services with regard to certain 
definite perfume-mixtures, which otherwise would not be durable. 
In my "Physiologie des Oeruchs" I have given a series of such 
examples. Here we quote one borrowed from G. Cohn's "dieRiech- 
stoffe". Artificial jasmin is obtained by joining together benzylacetate, 
linalylacetate, linalool and benzylalkohol, mixed with some indol, 
which serves '*als Fixiermittel und zur Auffrischung des Geruchs", 
and which may be replaced by methylketol, scatol, propyldi- 
methylindol, propylaethylindol, allylmethylindol, etc. With the aid 
of our table it must be possible to devise mixtures that will furnish 
available bouquets with fixants to be specified beforehand. Their 
practical fitness for the perfume-industry will depend, besides on the 
pure compensation-proportions, also on the velocity of evaporation 
and diffusion of the materials used. In a practically available perfume 
the latter should not differ too much. 

The multidimensional character of the organ of smelling prevents, 

alas, projecting a clear representation of all proportions of the different 

qualities in their action upon consciousness. This is only partially 

possible, for separate vectors, isolated from the whole. Yet it appears 

that in general there exists a contrast between 

isoamylacetate 

' aethylbisulfide 



nitrobenzol 

> with regard to valerian acid 
terpineoi L i 

1 ! scatol 

guajacol 

From a phylogenetic point of view the first group might be called 
the food-odours, the second the putrid- odours, if not in many a case 
also muscon should be added to the last category, for which reason 
it is perhaps safer to refrain from any denomination. The arrange- 
ment in each group is governed by the above mentioned reciprocities. 
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Physiology. — *'A method to extract enzymes and pro-enzymes from 
the mucous membrane of the digestive tube and to establish 
the topic distribution of them'' By Prof. H. J, Hamburoer. 

I. Introduction ; principle op the method. 

The method applied as yet to extract enzymes and pro-enzyraes 
from the mucous membranes of the stomach and the intestines consists 
in preparing the mucous membrane and extracting it in a fine state 
of division, with or without the addition of antiseptics; by repeated 
precipitation and . dissolution the body to be examined is finally 
obtained in a more or less pure state. If we wish to be informed 
as to the distribution of the enzyme over the various parts of the 
mucous membrane, in other words to establish the topic distribution 
of it, extracts are made of equal weights or of equal surfaces, and 
of these the specific action is determined quantitatively. 

It need hardly be said that these methods are rather complicated 
and lengthy as well. A great drawback more especially is, that in 
extracting, the enzyme is polluted with so many other substances of 
the mucous membrane. 

Now, we have occupied ourselves for some time with the question 
by what force enzymes (pro-enzymes) are brought to the surface of 
the mucous membrane, and more especially tried to determine whether 
we have to do with kataphoresis, in other words whether in normal 
life enzymes (pro-enzymes) are carried along by the electric current 
arising when the secretory nerve fibres are stimulated in tlie natural 
way. *) We will not dwell on the results of these investigations 
now. Let us only observe here that the method consisted in laying 
on the mucous membrane a small column of solidified agar-agai*, 
into which a platinum electrode had been melted; then it was in- 
vestigated whether under the influence of a weak electric current, 
moving from the muscular side of the mucous membrane, to the 
free surface of it, enzyme or pro-enzyme passed from the epithelium 
cells into the agar agar. 

That, if the enzyme or pro-enzyme was indeed moved by kata- 
phoresis it would also pass into the agar-agar, we had a reason to 
expect after the investigations of Graham'), Voigtlander') and others 



1) Hamburger. 0::inotischer Druck u. lonenlehre. Bd. 11. S. 433 ff. 
^ Graham, Liebig^s Annalen 121, 1862 S. 1. 
») Voiotlander, Zeitschr. f. physik. Chemie. 8, 1889 S. 316. 
For the literature on this subject compare, Cohen, Vortrage fur Aerzte Qber 
Physikalische Ghemie 2e Aufl. 1907 S. 128. 
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according to which the velocity of diffusion in colloids is as grtot 
as in the water in which the colloid is dissolved. 

If it should be objected that these experiments were made only 
with crystalloids, the investigations of C. Eykman *) have shown con- 
clusively that colloids can diffuse into other colloids (gelatine into 
agar-agar). 

But before trying to establish the influence of a constant electric 
current on the transition of enzyme into the agar-agar, we wished 
to know to what extent the ferment would diffuse into the agar-agar 
without the introduction of the electric current. 

Evidently this transition took place. This fact seemed to suggest 
a means of extracting in an easy manner enzymes and perhaps pro- 
enzymes as well, from the mucous membrane in not too impure a 
state. Perfect extraction would, it is true, be unattainable in' this 
way, but there was a likelihood that the method might be employed 
to determine in a simple manner the relative amounts of enzyme 
in the various parts of a mucous membrane. 

II. EXPKKIMEXTAL MKTIIOD. 

Parts of a glass tube having in our experiments an internal dia- 
meter of 22 mm. and a height of 30 mm., were ground flat at one 
end by means of emery and placed with that side on a glass plate, 
plate glass being the best for this purpose. 

By means of a pipette 3 cc. of liquid agar-agar were put into each 
little cylinder. I shall not discuss the way to prepare this liquid : it 
is to be found in ail handbooks on the technics of bacteriology. It 
must be observed, however, that it is advisable to let the agar-agar 
solution cool down to ± 45® before measuring it in the pipette; 
otherwise there is a danger of its flowing partly away from under- 
neath the glass cylinder. 

After some time the agar colums have become solid and are placed, 
still surrounded by the glass tube, on the spread out parts of the 
membrane which, if necessary, has been previously cleaned. For this 
cleaning which also may serve to remove the mucus, we take 
NaCl 0,97». Investigations especially made for this purpose on the 
gastric mucous membrane have shown, however, that for this organ 
at least washing with water gives satisfactory results. 

On the mucous membrane, which if necessary has been cleaned, 
the agar-agar colums remain for 8 hours or more, in order to enable 
enzymes and pro-enzymes to diffuse into the agar-agar. 

«) G. Etkman, Gentralbl. f. Bakteriol. 29, 1901, S 841. 
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If the experiment bears upon the pepsin inch the pepsinogen of the 
gastric mucous membrane, the agar columns which have been on it, 
are cut fine and mixed with 3 cc. HCi of 0.47o. For this we use 
cylindrical bottles with close fitting glass stoppers: they have a dia- 
meter of 24 mm. and a height of 48 mm. Into these bottles we put 
albumen columns prepared according to Mbtt's method. When these 
have been in contact with the agar-suspension for 10 hours or more 
at 37.5 C, we determine by measurement how much has been 
digested; then the albumen columns ai'e placed in it again and the 
measurements are repeated a few hours later. In each bottle we 
generally had two albumen tubes. Perhaps it will be objected that 
the presence of solid particles of agar-agar must impede the action 
of the pepsin on the albumen. This proves not to be the case:, in 
the first place we observe that on all 4 sides of the 2 albumen 
columns always about the same column of albumen has been digested, 
which most likely would not be the case if now and then an agar- 
particle prevented the entrance of the digesting fluid. And secondly 
we noticed that when the experiment is made with a liquid, from 
which the agar particles have been removed by filtration, the rate 
of digestion is the same as when the agar particles were still in 
the fluid. 

If the experiment bears only upon the pepsinogen of the gastric 
mucous membrane, we place alkalic instead of neutral agar-agar on 
it, viz. a quantity of agar of 27© in Na, CO, of 3 p. mille. The 
investigations of Langley') have shown that in this concentration 
pepsin is decomposed by Na,CO„ pepsinogen on the olher hand not. 

It stands to reason that besides pepsin and pepsinogen, chymosin 
and prochymosin will also be absorbed by the neutral agar-agar. 
It was found indeed that the agar-mass had obtained the faculty of 
coagulating milk. 

In a similar way as the gastric mucous membrane the intestinal 
mucous membrane may be experimented upon. We found that the 
neutral agar absorbs both enterokinase and erepsin. The quantity of 
enterokinase present in the agar is determined by cutting fine the 
agar, mixing it with water, filtratiiig, and bringing the extract thus 
obtained, into contact with inactive juice of a fresh pancreas gland 
and two albumen tubes. 

The attentive reader" will notice that here no agar particles are 
present at the digestion of the albumen as in the case of the gastric 



1) Langley Journal of Physiology 8 1882 p. 253. 
Lanolbt and Edkins ibid 7 1886 p. 371. 
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juice. They were removed before the action of the fluid on the 
albumen tubes, because it was observed that the conversion of albumen 
by trypsin was greatly retarded by the presence of the agar-agar. 

To determine the quantity of erepsin, drawn into the agar, we made 
the clear extract act upon the peptone. 

We here append the results of some experiments carried out in 
accordance with the method described above. More explicit state- 
ments will be published elsewhere. Some further particulars concerning 
the method of investigation are mentioned below. 

III. Some Experiments. 

1. Distribution of pepsin {inch pepsinogen) over the 
gastric mucous membrane. 

A pig's stomach was cut into two symmetrical halves along the 
great and small curvature and washed with NaC10.9 7o- 'I'hen both 
halves were spread out flat and on the spots marked below Ay B, Cy 
etc. columns of neutral agar-agar of 2 7» ^'oi*^ placed. 



Duodenum 
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As will be seen A is situated in the cardea region. 

B in the border region between cardea and 

fundus part 
C in the fundus region 
D in the border region between fundus and 

pylorus part 
E in the pylorus region 
F on the duodenum near to pylorus. 

With i-espect to this figure we must point out that for all our 
experiments with gastric mucous membrane, the letters have the same 
meaning. 

In the experiment of which table I gives the results, the agar 
columns of 3 cc. remained during 147, hours on the mucous mem- 
brane. Then the agar was cut fine and mixed with 3 cc 0.4 7o HCl 
and each of the mixtures thus obtained was made to exert its digestive 
influence on two tubes of albumen. 

The four numbers which in the following table are connected by 
4- represent the lengths of the four albumen columns, digested at 
the 4 sides of the two tubes. 

TABLE I. 
Digested after 12 1 "a hrs. 



A . . 


..V, + V. + V. + 1/9 = 2 ni.M. 


A' .'. 


. V,+ •■4 + V, + V2=l'/. m.M. 


B . . 


.••/4 + »/4+V, + »/4 = 2'A„ 


B . . 


.»/4 + V. +»/« + »/. =3 „ 


C . . 


..2 + 2 + 2 + 2>/4 = 8i4» 


C. . 


.2 + 2 + 2 + 2=8 


D .. 


..iV, + i^+r/s+JV,=5V4. 


/)'.. 


•I'/s+lV.+ l'A-t l'/»=6 , 


E. . 


..n4+JV4+IV,+ l»«=574» 


E . . 


.l'/4-^lV4+lV4+JV»=5', . 


F . . 


.. V, + V, + '/, + •/, = 17, » 


F . . 


. Vs + V, + Vs +", = !•/, » 



From this table is seen : 

1. IViat in the cardia reijioit {A tnid A') the amoiuit of peihsin w 
small, i)icreases towards the fundus {B and B'), reaches its climax 
tliere [C and C) and decreases toiuards the pylorus {D and D'), 
In the duodenum we also meet with pepsin, but its quantity is small. 

2. The table slijows that in both halves of tlie stomach the quantity 
of pepsin was equal in corresponding parts. 

If we speak here of pepsin we mean pepsin and pepsinogen. As 
has been said before and will further be demonstrated pepsinogen 
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too enters the agar. It is by mixing with HCl converted into pepsin 
and so determined quantitatively with the pepsin. 

2. Distinbutwn of pepsinogen. 

As has been said, the investigations of Langley ^) have shown 
that, contrary to pepsin, pepsinogen is not destroyed by a solution 
of Na,CO, 0.37o- We have made use of this fact to try if we could 
withdraw pepsinogen from the mucous membrane. 

For this purpose agar columns were placed upon the mucous 
membrane containing 27o of agar in a Na,CO, solution of 0.37o- 
The column again had a diameter of 22 mM., the contents being 3 cc. 

It must be casually observed that separate experiments had shown 
that in such an alkalic agar mass, pepsin at once loses irretrievably 
its digestive power. 

To the method of experimenting we have not much to add. Let 
us only mention that the alkalic agar, after having been in contact 
with the mucous membrane was cut fine, neutralized with diluted 
hydrochloric acid, then mixed with 3 cc. HCl of 0.47,. The purpose 
of this was, to liberate the pepsin from the pepsinogen. The digesting- 
experiments with albumen-tubes gave the results tabulated below. 
Here the lengths of the 4 digested albumen columns have each time 
been added together. 

TABLE III. 

* The agar columns were kept on the mucous membrane for 20 hours. 



Digestion of albumen after 8 hours. 


Digestion of albumen after 18 hours. 


v4 . . . m-M. 


; i4' . . . m.M. 


A . . .a m.M. 


. A' ...0 mM. 


B. . .0 , 


; B*.. .0 , 


B ... IV, . ; 


Bf...VU . 


C...8 , i 


C. ..8 , 


C ... 10 . ; 


C...97, » 


Z> ... 4.4 . 


; Zy ... 4.2 , 


Z) ... 6.2 , 


; Z> ... 6.9 , 


£..-4 , ; 


£•. . .4 . 


£...5 , , 


£> ... 5.2 , 


F...0 . ; 


/". . .0 , 


F,..\ „ ; 


P...I „ 



It will be seen that from the cardea part {A axid A^) no pepsinogen 
toas extracted. This need not surprise us ; for in several experiments 
with neutral agar, no pepsin could be extracted from it either. 

Jn the border region betioeen cardea and fundus, pepsinogen 
loas found, but in a small quantity. It was considerable in the 
fundus (C), gradually grotving less towards the pylorus (D and EJ. 

1) Langlet, 1. c. 
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3. To ivfiat extent does the length of time during which t/ie 

agar columns are on the mucous membrane^ influence 

the quantity of enzyme and pro-enzyme absorbed? 

For these experiments the stomach was divided into two symme- 
trical halves. On one half two neutral agar-columns were placed at 
Ay By C etc., and on- the corresponding places of the other half 
A\ B\ C etc. two columns of alkalic agar. Oneof the two columns 
near Ay near jB, near C etc. was taken away and treated, after 
having been on the mucous membrane for 18 hours; the same was 
done with those near A' y jB', C etc. The other series Ay By Cetc. 
A' y B'y C etc. was left on the membrane for 36 hours. In both 
series of experiments the thus activated agar was made to act for 
20 hours on the albumen columns. The tables will be plain now 
without further explanation. 

TABLE IV. 

Determination of the quantity of pepsin and pepsinogen which had passed into 
the neutral agar, after the latter had been on the mucous membrane for 





18 hours 




36 hours 


A 


m.M. 


digested 


2i^m.M. digested 


B 


1 , 




II 


3y, . 


C 


4.8 . 




» 


16 . 


D 


3.4 . 




II 


T » 


E 


3 » 




» 


5.4 „ 


F 


„ 




» 


2 . 



TABLE V. 

Determination of the quantity of pepsinogen which had passed into the alkalic 
agar, the latter having been on the mucous membrane during 







18 hours 




36 hours 


A' 


m.M. albumen digested 


1} m.M. albumen digested 


Bf 


. 


9 




2i • 


C 


3.8 , 


II 




10 . . , 


D 


2.4 , 


» 




5» » 


E 


1.2 . 


» 




3 . . > 


P 


. 


R 




1 » » » 
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Both tables show that after 36 hours more pepsin and also more 
pepsinogen had passed into the agar than after 18 hours. 

Further a comparison of tables TV and V makes it evident that 
the digestion of albumen in experiments made with neutral agar, 
is more considerable than where alkalic agar has been employed. 
This result may also tend to confirm the reliability of the method; 
for into the neutral agar pepsin and pepsinogen may enter, the 
latter of which under the influence of hydrochloric acid produces 
pepsin, whilst in the alkalic agar only pepsinogen is found. And as 
we have seen invariably in all our experiments, the quantity of 
enzyme and pro-enzyme at identical spots of the two symmetrical 
parts of the stomach turns out to be the same. 

I wish to observe here that the digestion of serum-albumen takes 
place much more quickly than that of the egg-albumen used. Gl'\ssnbr 
was the first to point out the advantage of coagulated serum, and I 
may confirm it from my own experience. Serum albumen has 
moreover the advantage that without preparation such as cutting 
up and filtrating, it can be used after simply being coagulated in 
glass tubes. 

Owing to accidental circumstances no serum-albumen has been 
used for the experiments described in this paper. 

4. Distribution of rennet- ferment. 

To demonstmte the presence of reiinet-ferraent and to know its 
distribution in the gastric mucous membrane, about the same method 
was applied as that used for the investigations relating to pepsin 
and pepsinogen. Only the agar-columns had a greater diameter than 
in the pepsin experiments, viz. 35 instead of 22 mM. The contents 
accordingly were 5 cc. instead of 3 cc. Moreover it was self-evident 
that the quantitative determination of the rennet-ferment had to be 
effected in another way. The columns having been on the mucous 
membrane for some hours, the agar was cut fine and mixed in a 
test-tube with V, cc. HOI 0.47o and afterwards with 10 cc. of milk. 
Then the test tube was plunged into a bath of water at 37.5°, after 
which it was noted down every half minute where coagulation had 
taken place. 

The presence of some hydro-chloric acid did not impair the expe- 
riment. Previous tests had shown that in a mixture of 5 cc. neutral 
agar V, cc. HCl of 0.47, and 10 cc. of milk coagulation did not 
set in till more than an hour after. As the following series of expe- 
riments demonstrates the addition of only V, cc of HOI can hardly 

17 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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have had any influence of the coagulative action of the rennet- 
ferment. 

TABLE VI. 

Coagulation is visible: 
by A after 3 minutes; by A after 3 minutes. 

. z> . ivs » » />' . iy» . 

» £ « 2V9 »• » £* » 21/3 „ 

ThU experiment shows that the distribution of chymosin {including 
prO'chymosin) nuis parallel ivith that of pepsin {including pro-pepsin), 
a result agreeing with the researches of others.^) 

Secondly the experiment shows the action of the rennet in corre- 
sponding parts of the two symmetrical halves of the stomach to 
be equal. 

5. Distribution of enterokinase in the intestinal 
mucous membrane. 

On the mucous membrane of the duodenum, jejunum, ileum, 
coecum and colon, cut open length-wise,agar-columns were placed, 
their contents being 3 cc. These having been left on it for24houi-s, 
the agar-agar was cut fine and extracted with 3 cc. of a NaFl- 
solution of 2 Vo- Then 6 cc. of diluted pancreatic juice were added 
to 2 cc. of the filtrate. The former had been obtained by pressing 
the pancreas gland of a newly killed pig, mixing the thick juice 
thus obtained with a NaFl-solution of 2 7o» ^^^ filtrating the 
mixture. 

In the mixture of 6 cc. diluted pancreatic juice thus obtained and 
2 cc. agar-filtrate two albumen tubes were placed. 

By the side of this, controlling-experiments were made with 2 cc. 
agar-filtrate and 6cc. of NaFl solution, instead of 6 cc. of the diluted 
pancreatic juice. The digestion of the albumen was noted down 
after 19 and 44 hours. 



1) Nengki u. SiEBER. Zeitschf. f. physiol. Ghemie 32 1901 S. 291 ; Pekelharing. 
Ibid. 35 1902 S.8 ; Pawlow u. Parastschuk. Ibid 42 1904 S. 415; Sawjalow. 
Ibid 46 1905 S. 307. 
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The following table gives the results of one of the series of ex- 
periments made. 

TABLE VIL 



2cc diiodenum-agar 
extract 



+ 6cc 

pancreatic 

juice 



+ 6cc 

NaFl. 

solution 



2cc jejunum-agar 
extract 



+ 6cc 

pancreatic 

juice 



+ 6cc 

NaFI. 

solution 



2 cc ileum-agar 
extract 



+ 6cc 

pancreatic 

juice 



+ 6cc 

NaFl. 

solution 



Albumen 

digested after 

19 hours 



Albumen 

digested after 

44 hours 



7.2 m.M. 



12.4 



m.M. 



6.4 m.M. 



11.2 



m.M. 



5.6 m.M. 



10 



m.M. 



This series of experiments shows the quantity of enterokinase to 
decrease gradually downward, a result agreeing with that obtained 
by Chbpowalnikow, Delezbnnb, Fhouin and Falloisb. 

I shall not discuss the experiments here, which show that in the 
digestion of albumen by trypsin the presence of agar has a retarding 
influence, nor the influence which the time during which the agar 
has been in contact with the intestinal mucous membrane, has on 
the transition of the enterokinase. These questions will be further 
discussed in a more explicit account. 

One experiment remains to be mentioned, showing how the 
enterokinase diffused into the agar, distributes itself over agar and 
water, after the agar has been cut up and mixed with water. 

5 CO. of liquid agar are mixed with 2 cc. of watery extract of the intestinal 
mucous membrane. Of this mixture 2X3 cc. are taken and poured into the 
above mentioned cylindrical tubes. When the agar has become solid it is cut 
fine and mixed each time with 2 cc. of water. The mixture remains for an hour 
exposed to the temperature of the body in order' to enable the agar to give up 
enterokinase. 

After cooling down it is filtrated, twice 1 cc. is taken and mixed with 2 cc. of 
inactive pancreatic juice. In both mixtures I and II albumen tubes are placed. 

Besides this experiment another one identical with it, is made; only instead of 
5 cc. of agar, 5 cc. of water are taken of course. Gutting up is out of the ques- 
tion here. The quantities, however, remain the same. 

17* 
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TABLE VIII. 



Liquid 



Digestion 
after 



Experiment I 



Experiment II 



5ccagar-f2cc 

intest. extr,; 

ofthis2X3cc 

cut up; each 

3 cc mixed 

with 2 cc 
water; of this 
2X1 cc mixed 
each with2cc 

pancreatic 
juice 



4 hours 



16 hours 



25 hours 



14-1 + 1 + 1=4 m.m. 



SVs^ 41/34 31/8+4=151/9 m.m, 



6 + 5 + 6 + 5 = 22 m.m. 



1 + 1 f l+s/, = 3V4m.m. 



3y8+3V.+3iA+4=14iA m.m. 



5 + 5 + 6 + 5 = 21 m.m. 



5 cc water + 

2cc intest.extr. 

of this 2X3 cc; 

each 3 cc 

mixed with 

2 cc of water; 

of this 2X1 cc 

mixed each 

with 2 cc of 

pancreatic 

juice. 



4 hours 



16 hours 



25 hours 



174+lV4+l + l=4V«m.m, 



4 + 41/8+4+4 = 16% m.m. 



6 + 5+5 + 6 = 22 m.m. 



lV4+l + lVs + lV4=5m.m. 



4+31/9 +4 + 41/8 = 17 m.m. 



5 + 5 + 5 + 6 = 21 m.m. 



This table leaves no doubt, but the method of extracting the agar 
with water, gives reliable results. They turn out to be tlie same as 
if the agar itself were water. The enterokinase must distribute itself 
equally over agar and imiter. 

We observed the same with pepsin. 

Finally we shall describe a series of experiments, showing that 
erepsin too enters the agar, and that this supplies us with a means 
of determining its distribution over the intestinal mucous membrane. 

6. Distribution of Erepsin. 

The 27o ag«i^ used was not dissolved in water, but in NaFl of 
27o because the amount of erepsin, passing from the intestine into 
the agar during the time taken up by the former experiments, was 
not great' enough. 

Therefore it was expedient to leave the agar for at least 24 hours 
on the mucous membrane, taking care to prevent putrefaction as 
much as possible. 
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The action of erepsin consists as we know in its power to change 
bemialbumose and peptone into products not giving the biuret-reaction. 

Vernon ^) has based on this a colorimetric method, to determine 
the degree of conversion brought about by erepsin and Falloisb ') 
among others, has successfully used it. We too have applied this 
method, in a somewhat modified form, however. It chiefly consisted 
in a solution of CUSO4 being mixed with a NaOH solution. The fluid 
thus obtained imparts a violet-red colour to peptone. The more the 
peptone solution from which we started is converted by erepsin, the 
fainter the violet-red colour will be. It was now investigated, with 
how much water the standard liquid had to be diluted to produce 
the violet-red colour observed. 

One of our experiments gave the following result. 

In the peptone-solution (Wittb) on which the duodenal-extract 
has acted, are 4e.2Vo of the original quantity of peptone left. In 
the peptone-solution acted upon during the same time by thejejunum- 
agar-extract are still IBVo of the original quality of peptone left, 
and lastly where- the iVewm-agar-extract acted during the same time, 
147^ of the original amount. 

It follows from this that in jejunum and ileum there was more 
erepsin present than in duodeimm, which corroborates so far Falloisb's 
results inasmuch as we too found much more erepsin in jejunum 
than in duodenum. In the ileum, however, the amount of erepsin is 
much greater than in the duodenum; Falloisb, indeed, notes a diffe- 
rence in the same direction, but it is only slight. It must be kept 
in mind though, that our experiments relate to the pig, Falloise's 
to the dog. 

I may add that in Peter's plaques hardly any erepsin or entero- 
kinase was found. 

A number of experiments, made for the researches described above, 
have been carried out by Mr. R. A. B. Oosterhuis, Med. cand., 
assistant at the physiological laboratory. 

Conclusion. 

The above researches have shown: 

1. That when agar columns are placed upon the mucous mem- 
brane of stomach and intestines, enzymes and pro-enzymes are 

1) Vkrnon. Journal of Physiology. 80, 1903, p. 380. 

«) Palloise. Archives internal, de Physiol. 2, 1903/4, p. 299. 



Digitized by 



Google 



( 262 ) 

absorbed from them and enter the agar. As such were examined 
pepsin, including pepsinogen, chymosin and prochymosin, enterokinase 
and erepsin. 

2. The above-mentioned ferments can be extracted, partly at least, 
by water from the agar-agar. Quantitative investigations have shown 
even that pepsin + pepsinogen and enterokinase as well, distribute 
themselves equally over the agar and water. 

3. The facts mentioned sub 1 and 2 suggest a simple means of 
extracting the above-named ferments from the mucous membrane, 
and of determining quantitatively the distribution of them. 

We have only to leave solid agar-agar columns of equal dimensions 
on various parts of the mucous membrane for some time and make 
subsequently a comparative quantitative determination of the specific 
action of the watery agar extract. 

4. The results obtained with this new method with respect to 
the distribution of the above-named ferments in the digestive tube of 
the pig confirm those obtained by most investigators with the usual 
extraction methods on the dog. 

5. The advantages of the method over the usual one consist, 
besides in its greater simplicity, also in the fact that the enzyme 
under investigation is much less polluted by decomposition products 
of the mucous membrane. 

Especially for the investigation of the distribution of enzymes in 
individuals who, when alive &uffered from diseases of the stomach 
or intestinal canal (ulcers in the stomach, the intestines, etc.) the 
method seems to me likely to be of use. 

Moreover it is to be expected that besides the ferments examined 
till now, others will also pass into the agar-agar, which will enable 
us to make quantitative determinations of them in a similar way. 

Finally the method seems to me to deserve recommendation as it 
can be applied in experiments at a lecture; at the same time, by 
adding congo-red or a similar indicator to the agar, the amount of 
acid or alkali can be demonstrated ocularly. 

Groningen, September 1907. 
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Mathematics. — ''The extension of the Configuration of Rummer 
to spaces of (2^^ — 1) diiyiensions." By Mr. J. A. Barrau. 
(Communicated by Prof. D. J. Korteweg.) 

(Communicated in the meeting of September 28, 1907). 

ab 
f 1. If we represent by S^ the system , built up out of two 

ha 

lettera and by S^ the same system in new letters c and d; if like- 

+ + 
wise we represent by T the system of signs and by — T the 

opposite , we obtain by connecting these 

S, S, T T 

and 

abed + + -f + 

'^ ^ ^ ^ and + - + - 
c d a b + + — — 

d c b a -f- — — -f- 

By giving each row of four letters in turn the signs of each row 
of the system of signs sixteen quadruplets of algebraic quantities 
appear which, as is known*), represent the elements of the C/* (16,) 
of KuMMER whether they are considered as homogeneous coordinates 
of points or as coefficients of planes in Sp^, For, to each element 
are incident the elements of another kind, represented by the three 
permutated letter quadruplets and for each of them with half of the 
sign combinations. 

^ 2. If now we call aS, and T the letter- and the sign-system 
of 4 resp. and if we repeat the combination described above such- 
like systems of 8 are formed of which that one of the letters 
furnishes the permutations of a regular (?, of order 8 *), consisting 
exclusively of binary substitutions, whilst that of the signs is anallag- 
matic '), i. e. every two rows show as many sign variations as 



1) See a.o. Jessop Line-Complex p. 23 or Hudson Kummer^s Surface p. 5. 
*) Compare Miller Quart. Journ. 28 p. 255, group 8 No. 4. 
8) Lucas Recreations Math^matiques II p. 113; Nieuw Archief voor Wiekunde 
7 p. 266. 
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\ sign-pertnanencies. The systems become (that of the signs somewhat 
differently arranged): 



I 


a 


b 


c 


d 


€ 


f 


g 


h 


1 


+ 


■+ 


+ 


+ 


+ 


+ 


+ 


+ 


II 


b 


a 


d' 


c 


f 


e 


h 


g 


2 


+ 


+ 


+ 


+ 


— 


— 


— 


— 


III 


c 


d 


a 


b 


g 


h 


e 


f 


3 


+ 


+ 


— 


— 


+ 


+ 


— 


— 


IV 


d 


c 


b 


a 


h 


g 


f 


e 


4 


+ 


— 


+ 


— 


+ 


— 


+ 


— 


V 


e 


f 


g 


h 


a 


b 


c 


d 


5 


+ 


— 


— 


+ 


— 


+ 


+ 


— 


VI 


f 


e 


h 


g 


b 


a 


d 


c 


6 


-I. 


— 


— 


+ 


+ 


— 


— 


+ 


VII 


g 


h 


e 


f 


c 


d 


a 


b 


7 


+ 


— ' 


+ 


— 


— 


+ 


— 


+ 


VIII 


h 


g 


f 


e d 


c 


b 


a 


8 


+ 


+ 


— 


— 


— 




+ 


+ 



By providing each of the rows of letter's with each of the sign- 
combinations there appear sixty-four octuples of algebraic numbers 
to which we assign the notations II, 12,.... VIII 8. Whether we 
consider these numbers as homogeneous coordinates of points or as 
coefficients of equations of Sp^ in a Sp^y each element is incident to 
7 X 4 = 28 of another sort, namely to half of the sign combinations 
of each letter permutation ; so a Cf. (64„) appeai-s, to be designated 
by K^'^ . 

As with 10^^ it is possible to combine the Cy-elements to sim- 
plexes A, B, C, D, E, F, G, H in various ways. Such an arrange- 
ment is i. a. : 



A 

B 
C 
D 
E 
F 
G 
H 



The table indicates that eight vertices of e.g. the simplex A are 
resp. the points II, 114 etc, according to theformer notation, whilst 
at the same time the eight opposite side-A^, of the simplex are 
represented by those same notations. 



1 


2 


3 


4 


5 


6 


7 


8 


11 


114 


III 5 


1V3 


V7 


V18 


VII 6 


VIII 2 


12 


117 


III 6 


IV 8 


V4 


VI 3 


VII 5 


Vim 


13 


116 


1117 


IVl 


V5 


VI2 


VII 4 


VIII 8 


14 


III 


III 8 


IV 6 


V2 


VI 5 


VII 3 


VIII 7 


15 


118 


III 1 


IV 7 


V3 


VI4 


VII 2 


VIII 6 


16 


113 


III 2 


IV 4 


V8 


VI 7 


VII 1 


VIII 5 


17 


112 


III 3 


IV 5 


VI 


VI 6 


VII 8 


V11I4 


18 


115 


III 4 


IV 2 


V6 


VI 1 


VII 7 


VIII 3 
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The connection of 6/- elements can now be represented by a diagram 
(pi. I) the rows of which indicate the Sp^, the columns the points, 
whilst incidence of a Sp^ with a point is indicated by hatching the 
square common to the respective row and column. 

We see that the diagram can be brought to a more condensed 
shape : 

ABCDEFGH 



A 


S 


a 


b 


c 


d 


e 


f 


g 


B 


a 


S 


g 


f 


e 


d 


c 


b 


C 


b 


£ 


S 


e 


f 


c 


d 


a 


D 


c 


f 


e 


S 


g 


b 


a 


d 


t 


d 


t 


f 


g 


S 


« 


t> 


c 


F 


e 


d 


c 


b 


a 


5 


g 


f 


G 


f 


c 


d 


a 


b 


g 


S 


e 


H 


g 


b 


a 


d 


c 


f 


e 


S 



Here S indicates a simplex-filling; each of the other letters a system 
(8,) denoting Ihe incidence connection betw.een the elements of two 
simplexes. These systems (8,) have all degenerated into two (4,), each 
pair of our simplexes is thus connected in an equal way and forms 
a Cy(16io) of the same type. 

^ 3. Analogous to the well-known decomposition of K^^^ into 
four tetrahedra lying in pairs in a M6Bius-position, it is obvious 
to call the position of two of the simplexes, e. g. A and jB, by 
that name. Each side-AS/?, of one S contains three points, so a 
face, of the other; each vertex of one lies in three side-/S^„ so 
in a Bide-AS/>4 of the other; the correspondence is such that opposite 
elements of A^ e.g. vertex Ay^ and side-space Ay^ also furnish opposite 
elements of -B, namely resp. the side-ASp4: B^B^B^B^B^ and the 
face B^B^B^, just as this is the case with the tetrahedra in MdBius- 
position. 

There exists already however, provided with the same property, 
an extension of this notion, that of Berzolari ^) where each side-ASjp, 
of one S contains one vertex of the other, and is generated by 
operation with a focal system on an arbitrary simplex; let us call 
this position Afl, then it is evident that the discussed more specialized 
Mil is to be regarded as a threefold ML 



1) Bendiconti del Circolo Matem. di Palermo 22. 
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The elements of two simplexes A and B in if //can be arranged 
only in one other way to two suchlike simplexes, namely as 
first simplex P\ A^, ^„ J„ A^, jB„ J5„ jBy, JS^, 
second „ Q: A> ^i> ^i* ^4> ^i» ^6» ^7» K- 
If we regard such a new simplex in connection with Cy D, . . . H, 
it then shows with each of these a new sort of position; for all 
however of the same type, showing analogy to the pairs of tetrahedra 
in SrEiNER-position which can be separated in the same way from 
K^ii^), We find for the c/(16,J of two such simplexes a diagram 
of the shape: 

S X 

where x again represents a system (8,) which however does not dege- 
nerate now, but is identical to the cyclic system which is obtained 
out of the initial row: 1 2 . . 5 . . . 

Opposite elements of one simplex furnish, as in Sp^y no opposite 
ones of the other. 

^ 4. The 28 operations determining in each c/-space the c/-points 
incident to them and reciprocally, are foccd-correlations; thus e.g. 

the aSjPj : A^ 

(+ a, + 6, + c, + d, + e, +/, + gr, + h) 
is transformed into the point A^ situated in it 

(4- 6, — a, + d, — c, + /, — e, + A, — g) 
by operating with the skew-symmetrical determinant of transformation : 

10+1000000 

I 
1 
I 
I 
I 



1 


























-fl 











- 


-1 























+1 

















— 1 




















-f-1 

















— 1 



These focalsystems are mutually in involution as the group of the 
letter substitutions as well as that of the sign variations are Abel groups. 

The 36 remaining reciprocities are polarities with respect to some 
36 quadratic Sp^, which serve for K^^ as the 10 fundamental- 
surfaces of order two for K^^^. 



1) Martinettii Bendic. Palermo 16 p. 196. 
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Their equations are of two types; namely eiglU of the form 
± 4?,« db a?,* db a?,« db «/ db x^^ db .r,' ± J?y« =fc «,• = , 
where the combinations of signs must be derived from the sign 
system; and twenty-eight of the form: 

ih 4?j .r, =b flj, 4:4 it a?, ;r?, d= 0?, d?8 = , 

where the connection of the indices is given by the seven binary 
substitutions of the regular G^, whilst the signs must be selected: 

+ + + + 

+ + - - 

+ - + - 

+ - - + 
The sixty-three operations which transform an element into another 
of the same sort are colliiieations\ so we obtain, analogous to the 
KiiEiN (r„ in aS/?„ a geometrical Abel group G^^^^ consisting of the 
identity and sixty-thrte coUineations ; tioenty-eight focal systems in 
involution and thirty-six polarities. 

^ 5. The twenty-eight points in each Sp^ of K^^^ lie on a qua- 
dratic Qi o,n<i reciprocally. 

To prove this we regard the determinant of the terms of order 
two, formed of seven of the eight homogeneous coordinates; so this 

is of order 7 -|- ( „ J = 28. The omission of a coordinate is geometri* 

cally the projecting out of a vertex of the fundamental simplex on 
the opposite Sp^ ; if the projections of 28 points lie in it quadrati- 
cally, then the points themselves do so in their Sp^. 

Let us first restrict ourselves to Sp^ : ^x- 

The twenty-eight points are to be divided into seven quadruplets 
of the same order of letters ; the purely quadratic terms within such 
a quadruplet are in each column alike, the mixed ones may differ 
in sign. Let us call the four terms in a column p, q, r, s, then the 
substitution 



Q = p + q — r--8 

,theA = 
B=:p — q ^ r -- 8 

iS=p — q — r + « 



1111 
1 1-1-1 
1-1 1-1 
1-1-1 1 



of which is 4= 0, 



causes three of the four quadratic terms to disappear, the A,, breaks 
up into the product of a A, of quadratic and a A,^ of mixed 
terms. Here 
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! 



^ = 



b* 


a* 


(P 


c* 


P 


e* 


A» 


c» 


a* 


a* 


b* 


9" 


h* 


e* 


<p 


c* 


b* 


a* 


A' 


9' 


P 


«* 


P 


9' 


h* 


a* 


b* 


e* 


p 


«» 


h* 


9* 


b* 


a' 


(P 


9* 


A» 


«• 


P 


e* 


eP 


a* 


A* 


9' 


P 


«* 


d* 


c» 


b* 



That in general i^7 4=0 is evident i. a. from 

h = l y a=2b = c = d = e—/=g=:0. 
The Zi,i gets after change of signs of some rows the form: 


















bh 














-ah 





rf/ 


-df 





-ef 


ee 























bf 


-6* 











-a/ 


ae 














dh 








-ch 














bd 


-be 











-ad 


oc 



































fh 


-*A 














ch 








|d^ 





-de 








-a/i 





-bg 





6« 








« 











eg 





—ee 











dh 








--ag 





ae 





-bh 











— cd 





be 











ad 














"^ab 




















'gh 





«A 











dh 

















<y 


-cf 








'i>g 


V 


-aA 





























* 


-d/ 








eh 











-6/k 











-ag 


«/ 











cd 


-bd 

















—ac 











ab 




















gh 


-fh 











-eh 











-fg 











f/ 








ft^ 





ah 














-be 





—eg 











ee 





-/Tk 














0^ 











6A 








—ac 





-'/ 











be 











af 








gh 

















eh 


—ab 





"^i 





-fh 

















-'g 








de 








ah 





6^ 











-6d 


1 








-fg 








rf/ 


-eh 

















bh 











ag 











-ad 


ef 








-bj 

















—ae 





gh 








-dh 











oft 








-gh 





























oA 


-ef 





de 





cf 








-cd 














fg 





-* 





«A 





—ch 


i 




















-af 








od 





eg 





—eg 











fh 





-<tt' 











-—ae 














ac 





gh 














-bh 

















ef 


-df 











—ee 





cd 











/A 








-eh 








'g 


—d^? 


























-6* 





bd 











eh 


."? 








fg 








-eg 














-bf 

















be 
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The sum of the numbers in each column amounte to zero; so 

As each element with the 28 incident to it can be transformed 
into any other by means of a direct or reciprocal projectivity, the 
quadratic position of every 28 is now proved. 



J 6. Each couple of 5pe ofthec/has twelve points in common lying 
thus in a Spt. No other /Spc containing these twelve^ all these /S|pi differ 

and their number is f g^ J = 2016. The c/-points form with them a 

cf (64.,,, 2016,,). 

There are triplets of /Sp, which have six points in common, lying thus 

in a Sp^y each cf'Sp^ has namely in still 32 Sp^ six of its points. 

Such a sextuple can be deduced from three groups of twelve, their 

2016 X 32 

number is thus = 21504 ; they form with the cf-Sp^ 

o 

a cf (21504,, 2016„). 

There are quadruplets of Sp^ having four points in common which 

thei*efore determine a Sp^; each cf-Sp^ has namely four of its six 

points in fifteen other cf-Sp^. Every 5p, can be derived from four Sp^, 

21504 X 15 
their number is thus = 80640. They form with the cfSp^ 

a cf (80640,, 21504,.). 

There are sextuplets of Sp^ having three points of the c/in common, 

which therefore determine a Sp^\ each cf-Spt has namely three of 

its four points in eight other cf-Spt^ more, these eight Sp^ furnish two 

by two however the same triplet; as furthermore each Sp^ can be 

/2\ ^ 80640 X 4 
deduced from I g I = 15 Sp^ their number is ^ = 21504. 

This could be expected as the whole consideration starting from the 
^/-points might have been put reciprocally, and would then have 
led on account of the self-reciprocity of the system to the same 
elements; so still 2016 Sp^ are obtained, the right lines of con- 
nection of the pairs of points. 

The further amounts of incidences of the kinds of elements 
mutually can now be easily deduced; the notation of K^^^ 
becomes finally: 
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sp. 


sp. 


sp. 


Sp, 


Sp, 


sp, 


Sp, 




64 


2016 


21504 


80640 


21504 


2016 


64 


incident to: 
















SPo 


— 


2 


3 


4 


6 


12 


28 


SPu 


63 


— 


3 


6 


15 


66 


378 


SPi 


1008 


32 


— 


4 


21 


160 


2016 


sp. 


5040 


240 


15 


— 


15 


240 


5040 


sp. 


2016 


160 


21 


4 


— 


32 


iOOB 


sp. 


378 


66 


15 


6 


3 


— 


63 


sp. 


28 


12 


6 


4 


3 


2 


— 



By the method of intersecting and projecting triplets and doublete 
of consecutive kinds of elements are to be transformed into elements 
of aSp, or Sp^ ; thus are formed e.g. a cf (21504,i) of points and 
planes, with 80640 c/-Iines; and a plane c/(2016„, 21504,) of 
points and lines, or reciprocally. 

J 7. If we represent the sj'Stem of letters and that of signs of 8 
resp. by S^ and T and if we repeat the combination 

S, S, T T 

and 
S^ S, T —T, 

we obtain systems for 16 belonging to each other, etc., the operation 
allowing of indefinite continuation ; one always arrives at a regular 
Abel substitution group G^ and a suitable anallagmatical system 
for the signs. 

These always furnish in R<f^\ a cf, analogous to that of Kummer 
with the notation : 



CJ 



(^V-i).2''""7' 



arising from an arbitrary starting element by an operation with a 

geometrical Abel group : 
the identity and 22/^ — 1 coUineations on one hand 
and (2^ — 1) . 2.»— ^ focal systems mutually in involution with 
(2H-1 — 2/* + 1) • 2''-^ polarities on the other hand. 
The quadratic situation of the elements incident to one element 

can always be proved by reduction of the determinant according 

to the example of $ 5 ^). 

1) A more extensive treatment also for spaces of other numbers of dimensions 
will follow in the dissertation to be published: J. A. Barrau, B^dragen tot de 
theorie der off, (Amsterdam 1907). 
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Uathematios. — ''The theorem of Grassmann in a space of n 
dimensions'' By Lucien Godeaux, at Morlanwelz (Hainault). 
(Communicated by Prof. P. H. Schoutb). 

We shall designate by the letter S a linear space and the number 
of dimensions of this space shall be the index. 

The notation Vi represents a variety, the locus of od« elements 
and of order j. 

The order of a variety, locus of spaces Sk occurring in an 
(n — k){k-\-l) — 1 times infinite number in a space S„, is the number 
of Sk of an aSaj+i through an Sk-^\ of this iSfc+i and belonging to the 
variety. 

1. In an aS, the theorem of Grassmann can be read thus; 

The locus of aSo for which the aSj which unite it to 
three fixed S^ meet three fixed S^ in three S^ of the 
same S^ is a variety F^. 

In an /S, it has been given it the two following forms: 

The locus of an S^ for which the aS, which unite it 
to four fixed aS, meet four fixed aS^ in four S^ of a 
same S^ is a V\. (Le Paige, Sur la gSnSration de certaines 
surfaces par des faisceaux quadrilineaires, BuL de Belgique, 1884, 
3c sme, tome VIII). 

The locus of an S^ for which the Si which unite it 
to four fixed S^ meet four fixed aS, in four S^ of a 
same aS, is a F*. 

2. liCt there be in an Sn k Sr. which we shall designate by Ai and 
k Sg. which we shall designate by Bi, (i= 1, . . . k). 

Let p be a number satisfying the 2k inequalities 

ri +/> + l^n-l (1) 

n- +«, + P + l>w, = 1,. ..A) . . (2) 

A space Sp determines with the k spaces At k spaces aS-.+^+i. 
These spaces meet the corresponding spaces Bi in k spaces 

If these k spaces belong to an Si=n , 

:S(n + *,) + *(/>-'» + 2)-l) 
1=1 

the space Sp describes a variety V{n—p)(^p+\)^\ the order of which 

is to be found. 

Let us suppose we have 

2{ri + si) + k{p^n + 2) = n+l (8) 

Let C be an Sp+\ and D an Sp-^i of C 

Let us designate by A an aS;, passing through D and situated in C. 
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Let us take k — 1 spaces A and let us number them J, . . .j — 1, 

7 + 1,..^. 

These k — 1 spaces ^ determine with k — 1 spaces Ai suitably 

chosen k — 1 spaces S/+p+u These spaces meet the corresponding 

t 

spaces Bi in * — 1 spaces Sr^^s.+p-n+i , (^=l, . . . j— 1, j+l» •••*)• 

These spaces determine an aS/=j— i t=» 

S{ri+8i)+2 (r,+«,)+(A«l)(p-n+2j-.l 

This space has in common with Bj a space 

2 ri + 2 Ti 4- :S «,. 4- (A — 1) (p 4- 2) — *» — 1 
In its turn this space determines with Ai a space 

'"i In + Si) + {k -. l)(p + 2) - *n 
t=i 
On account of the equality (3) the latter meets C in a single 
point, which determines with D a space Ay. 

When j varies from 1 to k, one obtains k series of spaces A 
between which exists a (1, 1, ... 1) correspondence. There are k 
coincidences. 

Ic 

The variety described by the space Sp is F(,;— px^+p—i . 

The locus of a space Sp for which the /Sr+^+i which 

unite it to k fixed spaces Sr. meet^&.in kSr^s+p^-n-^-i 

of a same aS'j^(^,.j_,,) ^ i(^_^^2)-l' (^'= 1' • * • ^O' is a va- 

k 
riety F(„-p)(;4.i)-i . 

The spaces Ai are evidently principal spaces of the locus of Sp, 
principal space having the same meaning as principal point or plane 
of a complex of rays. 

In aS, we find the following theorem: 

The locus of an S^ for which the aS, which join it to 
four /So meet four S^ in four S^ of a same space *S, is 
a variety V\ (complex of order four). 

3. If we regard the ordinary space as if generated bj right lines 
we have a geometry of four dimensions. We shall now show two 
generalizations of the theory of Grassmann in this geometry. 

Let us imagine k linear congruences G^, . . . Gk, and k plane pencils 
(Pj, rrj, . . . (Pit, ^jt). Let us imagine moreover to be given a linear 
system C of linear complexes to the amount in number of od^— *. 

An arbitrary right line ff determines k linear complexes with the 



I 
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k congruences G. These have in common with the k corresponding 
plane pencils k lines pi, . . . pJt. 

Let us now find the locus of the line g when the k lines p 
belong to a same complex of the system C. 

Let {A, a) be any plane pencil. Let us take k — 1 lines of this 
pencil and let us number them 1, . . . z — 1, i-{-l, . . , k. 

Each of these lines determines with the corresponding congruence 
G a linear complex, which has in common with the corresponding 
plane pencil (P, n) a line p. The k — 1 lines p found in this way 
determine a complex of the system C. This complex has a line 
Pi in common with the plane pencil (Pi,^i). This line determines 
with Gi a complex having a line a* in common with (A, a). When 
i varies from 1 to k we have k series of lines a between which exists 
a (1, 1, ... 1) correspondence. There are k coincidences. 

The locus of a right line for which the linear com- 
plexes that it determines with k fixed linear con- 
gruences meet k fixed plane pencils in k lines of a 
linear complex of a system of 6 — k terms is a complex 
of degree k (order and class) to which belong the given 
k linear congruences. 

If k = 6, we have a theorem of Grassmann. 

4. Let us suppose five groups of three lines JS, , . . . f?, and five 
nets of lines /2j , . . . 72, . 

An arbitrary line g determines with H^, . . . H^ five linear congru- 
ences which meet the five corresponding nets in five lines. If these 
five lines belong to a selfsame linear congruence the line ^ describes 
a congruence. 
Let jr be a plane. Let us consider in this plane five series of lines Pi,...j9|. 

Between the lines of these series it is easy to see that there is 
such a correspondence that to four light lines corresponds a fifth. 

Let us Suppose that three right lines are fixed, whilst the fourth 
describes a pencil. It is then easy to verify that the fifth also de- 
scribes a pencil. According to an extension of the principle of Zbuthbn 
there are fifteen coincidences. 

The locus of a right line taken in such a way that the 
linear congruences which it determines with five 
systems of three lines have in common with five nets 
five lines of a same linear congruence is a congruence 
of the fifteenth class. 

In the same way we can verify that this congruence is also of 
order fifteen and that it contains the generatrices of the same kind as 
the given lines of the five quadratic surfaces determined by these lines. 

18 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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Physics. — ''Contributions to the knowledge of the ^-surface oj 
VAN DER Waals. XVI. Oil Hie gas phase sinking in the liquid 
phase for binary mixtures in the case that the molecules of 
one component evert only a feeble attraction." By Prof. H. 
Kambrlingh Onnes and Dr. W. H. Keesom. Supplement N*. 16 
to the Communications fj*om the Physical Laboratory at Leiden. 

$ 1. Introduction. In Coram. N^ 96^ These Proc. Dec. 1906, 
p. 501 a gas phase sinking in a liquid phase ^j, the barotropic pheno- 
menon, was treated for binary mixtures for a gas liquid plait, which 
crosses the ip-surface as a transverse plait at lower temperature. Then the 
treatment for temperatures, at which the appearance of a longitudinal 
plait brings about a disturbance, was deferred to a later communi- 
cation. Moreover, more special cases, as the appearance of minimum 
or maximum critical temperature or minimum or maximum pressure 
of coexistence, were left out of consideration, and the discussion 
was restricted to the case that retrograde condensation of the first 
kind occurs. 

When for binary mixtures the conditions for the sinking of a gas 
phase in a liquid phase were treated in Comm. N^ 96^ These Proc. 
Dec. '06, p. 508 and Febr. '07 p. 660, it appeared in the first place 
that at least if the hypotheses mentioned there are valid, and pairs of 
substances are found with proper a^^MfdnMy bnMlbi\M and MjM^ 
the theory of van der Waals' tf?-surface leads us to expect that 
barotropic plaitpoints ') will occur. •) Further that for mixtures with 



^) Considerations which are not in accord either with the limited compressibility 
of a gas at high pressures, first stated by Natterer in 1844, or with our present 
views on the mixing of two substances, induced Jamin, G.R. 96 (1883) p. 1448, 
Journ. de phys. (2) 2 (1883) p. 389 to raise the question whether it should be 
possible that with compression of a mixture of GO3 with air or with hydrogen, a 
liquid phase would collect above the gas phase. Gailletet (Jamin I.e.) did not succeed 
in realizing this. 

8) On the peculiar phenomena which are met with in case of a barotropic 
plaitpoint, we hope shortly to make a communication. 

' 3) Thai the barotropic plaitpoint found in Gomm. N\ 96c, Dec. *06 §5 belongs 
o the gas liquid plait (cf. Gomm. N^- 96c, Febr, '07, p. 660 footnote!) was derived 
rom the shape of the spinodal curve for this case, in connection with the course 
of the plaitpoint curve. The same thing may appear as follows : By applying the 
criterion (3) in Suppl. N". 15, March '07, p. 79b', we find that mixtures of a pair of 
substances of ratios indicated in the mentioned § belong to case (c), (cf. p. 276) 
while we may derive from van Laar's fig. 22, Arch. Teyler (2) JO (1907) 
p. 138, These Proc. Sept. '06, p. 226, fig. Ij that the plaitpoint curve crosses from 
the side x = to the side v = b (van Laar's type I). 
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certain ratio via/vk\ for not too lai-ge Ti^/Tkx (from up to a certain 
value, see Table I loc. cit. p. 662) only one barotropie plaitpoint 
occurs, which in connection with Comm. N". 96'' p. 503 and 504 
pointed to the fact that for the knowledge of the course of the 
barotropie phenomena at lower temperature considerations in which 
only the transverse plait is taken into account, are not sufficient 
for these mixtures ') (see Comm. N". 96<^ p. 663). 

In Ciomm. N*. 96^ p. 660 footnote 2 an estimation ') was derived 
about the critical temperature of helium from the observation of 
the barotropie phenomenon for a mixture of helium and hydrogen 
described in Comm. N". 961 These Proc. Nov. '06, p. 459. In this 
estimation the supposition already mentioned in Comm. N^ 96^, 
p. 460, that the molecules of helium exert only an exceedingly 
slight mutual attraction, was found confirmed. 

This suggested the investigation already announced in Comm. 
N\ 96*, p. 502 on binary mixtures one of whose components is a 
gas the molecules of which exert no or only feeble attraction (Suppl. 
N". 15, These Proc. March '07, p 786). Here a plait was described 
for the first time which at descending temperature appears on the 



For mixtures of pairs of substances as meant in table I p. 662, for which 
O.V9> Tki/Tki> 0.196, three barotropie plaitpoints will occur one of which, 
however, does not belong to the absolutely stable region. At least for the larger 
ones of the mentioned ratios Tk^/Tki, the two others belong to a plait which 
enters the tl^-surface from Kx, and crosses the ^-surface as a transverse plait at 
lower temperature. For this the considerations of Comm. N*. 96^ will hold at least 
in so far as solid phases do not cause a disturbance. For the smaller ones of these 
ratios one of these two barotropie plaitpoints will also fall in the not absolutely 
stable fluid region, and so also for these we shall have to take the occurrence of 
three phase equilibria into account. 

3) For the calculations in note 2, p. 660 of Comm. N^. 9^ we availed our- 
selves for a and b of hydrogen of the values calculated for this by Kohnstamm 
(LAifi>0LT-65RMSTEnf-McraiH0FFER*s Physik. Ghem. Tables 1905), wfiich values had 
Tk = 38.6, pit = 20 according to Olszewski, Wied. Ann. Bd. 56, p. 133, 1895 as 
starting point. If we derive the a and b for H^ from Ti; = 29 k 32, pjt = 15 
according to Dewar (B. A. Report 1902), the estimation for Tjbiie yields about 1^, 
Olszewski's newer data, Ann. d. Phys. 17 (1905) p. 986: T^• = 32.8, pit =14.2, 
give it a value of more than 1^ (the calculation according to note 2 I. c. yields 
azfiM/awM^ViOf rMe=1.3). 

This would bring about these modifications in the classification of the helium 
mixtures mentioned in Suppl. N<>. 15, Sept. '07, § 8, that mixtures of He with 
H«0, 0), A, Ne, NO, NH3 would belong to case (6), those with Hs, H^S, GO9 to 
case (c). For the modification which another assumption about auM (cf« P* 280) 
would cause in the circumstances under which the plait starting from v = b occurs 
see Suppl. N\ 15 l.c. p. 234. A smaller ai2M might even again bring about a 
shifting in the classification in the direction from (c) towards (a). 

18* 
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if^-8urface from the side of the small volumes, reaches (he 8idear=0 
at 7^=3 7|-., and then passes into a plait crossing in a slanting 
direction from t; = i to x = 0. This description was accompanied 
by remarks about limited miscibility in the gas state. 

In Suppl. N*. 15 ^ 7 These Proc. March '07, p. 795 three cases 
were distinguished for mixtures in which one component is a gas 
with a feeble attraction. They are indicated as cases (a), (6) and (c) 
in $ 9, These Proc. Sept. '07, p. 235. Case (a) corresponds with the 
above mentioned one ; in case {b) a plait coming from v=z b and 
one coming from x = join to a single plait in a double plaitpoint ^) ; 
in case (c) a plait starts from x = 0, comes in contact with v = b 



On the suppositions mentioned io Gomm. N^. %c p. 509 and p. 510 the 
data for the two double points in the net of spinodal curves, of which this double 
plaitpoint is one (a node) may be found in the following way (cf. Gomm. Suppl. 
N'. 15, p. 233, note 1): 

The equation for the r,x-projection of the spinodal curve on the molecular 
i)r-8urface : 

RTvji^ = 2(1 «j|) {vAjy'auM'biiAtl/aMY + 2j?i/(rjt/l/a22j/-628i/|/ai/)' (1) 

(cf. Suppl. N^. 15, March '07, p. 788) gives as conditions for the appearance of 
a double point after some obvious reductions: 

(val/auM^bwMi/aMy = 26|hl/^/aIl3f.(l— «i/)(rji|/aiijf— 6nA/j/aj/) -h 
+ 2b22MV^<^i\M'^Ai{vMy'<i22Ai—b'22M[/aM). ... (2) 
and 

(rj/l/oajjy— 622.Wl/a.w)' = 2b,iAiV^<^nM • (1— ^if)(»J/l/«nJ/- ft.ii/l/ajy) + 
+ 2622Jil/as2J/ •^3/(«?Ji|/a22J/— 622Jrfl/aJf) . ... (3) 
From (2) and (3) follows : 

(rj/V/aiii/— 6iiAyV/ai/)« (»i/V/a22if— *22i/l/aA/)* ,., 

_ _ z=z . , (4) 

K^llJ/ K«22Af 

Extracting the root from this equation, we may (2) and (3) reduce to: 

= 26iij/(l - XM) ± 2bi2M^My^<^2iM/<^\\M • (5) 

and 

VM]/a2,M-b,,My'aM ^ oj^^^.^^ ± 2b,,M{l-^M) ^auMla^^M^ (6) 
yanM 

By eliminating vm from (5) and (6) we obtain for xm the equation (1) of Suppl. 
m 15, March '07, p. 796 (cf. errata Proc. Sept. W, p. 289). 

The further derivation of vm and T (see Suppl. N\ 16, March '07, p. 798) 
may be left to the reader (compare with these developments van Laar, These 
Proc. May '07, p. 38 sqq. and Arch. Tetlir (2) 11 (1907) 1^ partie § 5). 
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at lower temperature, and passes then into a plait crossing in a slanting 
direction *). 

For this distinction a^i^ml^uM was always supposed so small in 
connection with the value of 629i//^nji/, that the plaitpoint curve crosses 
from jBTj to the line v=6 and that three phase equilibria not yet 
occur at the temperatures under consideration'). 

Now that the estimations concerning the a and b of helium justify 
the supposition that the plaitpoint curve *) crosses from x = to the 



1) KuNDT, Berl. Sitzb. Oct. 1880, S. 812—824 was of opinion that it would 
always be possible to convert a liquid to the gas state by pressing in a gas. 
This view was maintained in van Eldik's thesis (Leiden 1898, p. 7, cf. Gomm. 
Phys. LaS. Leiden, Suppl. N\ 3, p. 45), where it says that the operation mentioned, 
if it is realized, would be the determination of the plaitpoint pressure corresponding 
to the temperature of observation of the pair of substances which is subjected to 
the experiment. There it was tacitly assumed that with sufSciently high pressure 
the plaitpoint state could be reached for every temperature between the critical 
temperatures of the components as e.g. for mixtures of methyl chloride and carbonic 
acid, even though it would have to be found above 750 atmospheres for hydrogen 
and ether, as van Eldik derived taking into account the diminution which with increasing 
pressure is found in the decrease of the surface tension caused by one and the 
same increase of pressure (Kundt loc. cit. p. 818, van Eldik Thesis, p. 5, cf Suppl. 
N^. 3, p. 52). If we pay attention to the possibility now foreseen by the theoiy, 
that this diminution continues outside the region of observation, it seems probable 
in the light of the observations mentioned, that it would not be possible — here 
we treat as infinite, pressures which exert forces on the molecules greater than 
those joining the parts of them — to reduce the surface tension to for the 
pair of substances mentioned (and the same remark applies to hydrogen and 
ethylalcohol) at the temperature of observation (Kundt 21'*, van Eldik 9^.5), so 
that already at that temperature a plait crossing obliquely from 2;=0 to v^h 
would exist on the il-surface. 

In fact we should also derive from tan Laar*s figure cited p. 274 footnote 3 that ether- 
hydrogen (and also alcohol-hydrogen) belong to tan Laar's type I, while according to 
the criteria laid down by us, they should belong to case (c) of this type. Van der Waals* 
equations Contin. Up 43, however, would point out a critical temperature of complete 
miscibility of about — 200"C. in the supposition of ai2if = ^auMO^M, so that according 
to these suppositions an obliquely crossing plait would only make its appearance 
below this temperature. If the existence of an obliquely crossing plait at the tem- 
perature of the above mentioned experiments should be confirmed, thb might, 
among other things point to the fact that ai2jr would be considerably smaller than 
^aiiMa22M for the pair of substances mentioned (cf. p. 280). 

^) According to this restriction case (c) cannot occur e.g. for b2itM/buM larger 
than a certain value (cf. Suppl. N^. 15 These Proc. March '07, p. 797). 

^) KuENEN, These Proc. Febr. *03, p. 473 was the first to find experimentally 
a plaitpoint curve starting from x = 0, and directed to the side v = 6 for mixture^ 
of ethane and methylalcohol. 
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line t) = 6 for mixtures of helium and hydrogen % it is desirable to 
subject the barotropic phenomena for the cases mentioned to a closer 
examination. In this discussion for mixtures one component of which 
is a gas with feeble attraction, we shall again restrict ourselves 
and suppose that in the considered cases at the considered temperatures 
the second branch of the plaitpoint curve (van Laar, These Proc. 
May '05 p. 37;, starting from K^, does not make its influence felt, 
so that three phase equilibria do not yet make their appearance. 

J 2. The course of the barotropic phenomena for binaty mixtures, 
one component of which is a gas whose molecules exert only a feeble 
attraction. 

In this discussion we shall have to distinguish the cases a, b, and 
c mentioned in $ 1. 

a. In this case a plait starting from v=z b and closed towards 
the side of the large v's, appears for Tkm^ T^ Ti^, which plait 
we have called gas-gasplait in Suppl. N". 15, March '07, p. 793. If 

*«<*iu then e^i will be >-J for r> Tb^,u (see Comm. N\ 96* 

p. 504); at T= Tb,si8 a barotropic plaitpoint occurs (cf. Suppl. NM5 
March '07 PI. I, fig. 1); at r< T^pu we find a barotropic nodal 
line on the gas-gasplait (cf. Suppl. NM5, PI. I, fig. 2). At T=Tt, 
the gas-gasplait passes into an obliquely crossing gas liquid plait. A 
barotropic nodal line will exist on it (see fig. 1) till it disappears 
under the three phase triangle, and so passes into the not absolutely 
stable region. As mentioned in ^ 1 we shall not give the description 
of what happens when three phase equilibria have appeared. In the 
same way we shall for the present disregard more complicated cases, 
as the appeai*ance of two barotropic nodal lines on the gas-gasplait, 
three on the obliquely crossing plait etc.^ till further investigation 
may teach that these cases are possible. 

If ^si > ^ii> the plait coming from v = b may reach the side a: = 0, 
and pass into an oblique plait without it being necessary that a 
barotropic tangent chord occurs. 

b. For A„ < 6ii a barotropic plaitpoint will occur at Tbph ]> Tdpi 
(cf. Suppl. N^ 15, March '07 p. 798). This barotropic plaitpoint, 
and also at Ttpu'^ T^ Tdui the barotropic tangent chord, may 



1) This follows also from van Laar's fig. 22, Arch. Tetler (2) 10 (1907) p. 38 
with the mentioned estimations on the critical temperature and pressure of helium 
(cf. p. 275 note 2) and on the suppositions made (cf. These Proc. Dec. '06 p. 509 
and 510). 
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occur both on the plait starting from v = b and on that starting 
from a* = (figs. 2 and 3). If in the homogeneous double plait point 
the isobar should run parallel to the a?-axis, TbpU would coincide 
with Tdpi. For T<^ Td^i a barotropic chord exists on the obliquely 
crossing plait, just as in case (a)^). 

For 6,, > 6ii, as in this case for a, the existence of barotropic 
tangent chords is not required. 

c. If iat'^&ii, a barotropic plaitpoint will make its appearance for 
Tifds <] Th^ and > Tkmy at lower temperatures a barotropic tangent 
chord is found on the plait starting from x=iO and closed on the 
side of the small v's, and at T< 2'km on the obliquely crossing plait 
(fig. 4). For J„ > 6^^ as for a and b. 

In fig. 5 the course of the spinodal curves (continuous) and of the 
connodal curves (lines consisting of dashes) on the tf^surface for the 
unity of weight has been more fully represented for a case c. The 
figure has been construed with a view to mixtures of helium and 
hydrogen. In this we adopted the hypotheses mentioned in Comm^ 
N': Ge*-, Dec. '06, p. 509 and 510, and put for hydrogen ^^^^=32,3, 
|>it,= 14.2, for helium 7it,= l,3, 6MHe=4 6MU, (p. 275 note 2) «). 
The volume v is expressed in the theoretical normal volume of a 
molecular quantity as unity. The point Km has been calculated 
according to van der Waals Cont. II, p. 43. The spinodal curves 
have been constructed as in Suppl. N*. 15, March '07, p. 788. 
Pb is the barotropic plaitpoint, calculated in the way indicated in 
Coram. N*. 96^ Dec. '06, p. 510. Further the plaitpoint curve 
K^Kai calculated according to the equation given by van Laar, 

1) In the light of our present knowledgeof the behaviour of mixtures and divested 
of the considerations which are incompatible with it (cf. p. 274 footnote 1) the 
phenomenon deemed possible by Jamiii, G. R. 96 (1883) p. 1451, Joum. phys. (2) 
2 i,]888) p. 383, would be described as follows: On compression of a gas above a 
suitable quantity of liquid (see p. 281 note 2), this liquid is made to dissolve at first 
under plaitpoint circumstances, after which on further pressing in of the gas 
into the thus formed homogeneous phase a phase richer in the least volatile 
component (called by Jamin liquid, by us in certain cases, cf. Suppl. No. 15, 
March '07, § 4, second gas phase) may separate above the phase which is richer 
in the most volatile component. If this phenomenon could be realized, we should 
have to deal vrith a case b for a temperature T > Tdpi, and in which the line 
BQ (see fig. 6) intersects the plait starting from t; = 6 in such a way that for 

the mtersected connodal tangent chords 6 > 7^. 

') However, on account of the uncertainty which still prevails about TkRt and 
PkHo, and in view of the probability that ai2M < ^auM ana (see p. 280) it is 
still to be considered as quite possible that He— H^ belongs to case (ft), as wa9 
supposed in Suppl. N^. 15. 
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These Proe. April '05 p. 652 has been included in the diagram. 
The second branch of the plaitpoint curve is not to be distinguished 
from the straight line HK^ on the scale on which the diagram has 
been drawn. 

For the connodal curves the points of intersection with the line 
x=zO representing the points of saturation for pure hydrogen have 
been calculated. For this purpose the constants of saturation have 
been used, which have been calculated by Dalton*) for a substance 
that follows the equation of state of van der Waals with constant 
a and h. For the rest the course of the connodal curves for which 
for T> Tkm also the plaitpoints are known, has been represented 

schematically. This applies particularly to the points of intersection 
of the connodal curve for T= 20 with the line v = b, so that 
also the course of the connodal curve, particularly of the gas branch, 
is uncertain in the neighbourhood of the line v=z b. The line CD 
represents the experimentally determined barotropic tangent chord for 
T=20 (see Comms. N*. 96« and N". 96*^ Febr. '07 p. 660 footnote 2). 

The situation of the line CD with respect to the connodal curves 
might point to Thn being higher than was calculated by us, which 
may be due either to the critical teniperatui-e of helium being lower 
than was assumed by us here, or to a^sr being <^ V^cinM(h2M for 
mixtures of He — H, '). 

The course of the barotropic plaitpoints and barotropic tangent 
chords in case (c), and also in case (6), if they occur on the plait 
starting from x = 0, corresponds for the higher temperatures with 
that for the case that the branch of the plaitpoint curve starting 
from /iLj crosses the tp-surface from x = to a; = 1, for which case 
the course was described in Comm. N^ 96*. For the lower tempe- 
ratures we meet with this difference that in the cases considered in 
this comm. the barotropic tangent chord continues to c^xist on the 
plait, till it disappears under the three phase triangle, whereas 
in the cases considered in Comm. N*. 96* the barotropic tangent 
chord may also vanish from the plait through a barotropic plaitpoint 
(lower barotropic plaitpoint temperature, see Comm. N*. 96* p. 504). 
The latter must even be the case if for T^ Tk^ no three phase 
equilibria appear as yet (cf. p. 275 note 1). 



I 



1) J. P. Dalton, Phil. Mag. April 1907, p. 520. 

') The same remark concerning anM for mixtures of Hg with other substances 
might be derived as follows : for COg — H^ (the same holds for GQi— 0^) from 
a comparison of the experimentally determined portion of the plaitpoint curve with 
that calculated m the same way as above for He— H^ ; for H^ — ether and 
Hj — alcohol see § 1 p. 277 note 1 ). 
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Van dbr Waaijs, These Proc. Jan. '07 p. 528 calls attention to the 
influence of 6„ in on the occurrence of barotropic phenomena by 
stating this rule : ''When the most volatile substance has the greatest 
limiting density, the gas phase can be specifically heavier than the 
liquid phase." In connection with what was discussed above we 
may now supplement this rule as follows: If of a binary mixture 
the moi'e volatile component has the greater limiting density, the 
gas phase will' be made to sink in the liquid phase by compression 
with suitable concentration and temperature, provided the more 
volatile component has so feeble an attraction that pressing in of 
this latter component cannot make the liquid phase of the less volatile 
component dissolve in the gas phase at definite ^) temperatures even 
at the highest (comp. p. 277 note 1) pressures.') It is implied in the 
terms of this rule that it has been supposed that no two liquid phases 
occur. 

It is not excluded that also in other cases sinking of the gas phase 
in the liquid phase might occur. •) 

If we apply this rule to pairs or substances of which data are 
available for ^-w , ^nv and i^rj/ » ^iiji/? it appears that only for 
He— H, it may be expected on reasonable grounds *) that bai'otropic 
phenomena occur at not too high pi'essures*). Further investigations will 
have to reveal whether for mixtures of pairs of substances as nitrogen 



^) Also at higher temperatures than those barotropic phenomena may then occur. 

') In the case of compression of a gas above a liquid, slarting from the pure 
substance in llie way as was done in Kundt's experiments we describe on the 
^•surface a curve the r, x-projection of wliich is a straight line joining a point of 
the line x-0 with the point v = 0, x = 1 . For the liquid phase to disappear at 
a definite, suitable temperature just under plaitpoint circumstances, we must start 
from a definite quantity of liquid so that the volume is represented by SQ (see 
fig. 6). If the quantity of liquid from which we start, is smaller, the liquid phase 
will evaporate (be dissolved in the gas phase\ if it is larger the gas is dissolved 
in the liquid phase (cf. van df.r Waals, Cont. II, p 136). Only if the diffusion 
is not rapid enough to ensure equilibrium all through the tube, solution of the 
liquid under plaitpoint phenomena may be observed also with other quantities of 
liquid as corresponding with vq, as has been set forth by Kuenek's experiments 
on (he influence of phenomena of retardation. 

') See e.g. § 1, p 275, npte 1. 

^) Though for mixtures of e.g. helium and acetonitril the available data with 
application of the special hypotheses assumed in this § (concerning the equation 
of state etc.) would point to the fact that at high pressures barotropic phenomena 
might still just occur, it is impossible to express a definite expectation with regard 
to this on account of the influence of the uncertainties, both in the data and in 
the validity of the mentioned suppositions. 

^) This was mentioned in Comm. No. 966 Dec. '06 p. 504. 
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and a light oil with high critical temperature ^), nitrogen-lithium, 
argon-kaliura, mercury-iron etc. sinking of the gas phase in the 
liquid phase could t>e realized. 

$ 3. On the conditions for the occurrence of barotropic plienomena. 

It appeared in ^ 2 that with a suitable ratio of the limiting densities 
the occurrence of the barotropic phenomena depends to a great extent 
on the ratio of the attractions of the molecules of the two compo- 
nents, hence on the ratio of the critical temperatures. The same thing 
may also be derived in the following way, more independent of the 
particular hypotheses which have led to the consideration of obliquely 
crossing plaits. 

To bring about the phenomenon of the gas phase sinking in the 
liquid phase, the gas phase will have to be much more compressible 
than the liquid phase, and even on compression the gas phase must 
not dissolve in the liquid phase. For this the temperature will have 
to be pretty far below the critical temperature of tlie least volatile 
component (7VJ, but still far above that of the second component 
(7\.,). This points to a large difference between the critical tempe- 
ratures of the components. <^ 

If for the pair of substances considered retrograde condensation of 
the first kind occurs, the coexisting phases indicated by the points 
L and G on the tp-surface for the molecular quantity (see fig. 7)'), 
can only have the same density if J!/, > Jl/^. 

Only when on the plait on the molecular tp-surface connodal 
tangent chords appear for which the angle with the axis a? = : 

tf]> — , the coexisting phases can have equal density iov M^<^M^. 

a 

As the difference between Xg and or/ is larger, and so the connodal 
tangent chords deflect more rapidly from the side x =: 0, a smaller 
difference between M^ and 3f, will suffice to establish equal densities 
in G and L, 

This will be the more the case the more the plait extends towards 
the side v = b. 

The latter is particularly furthered by a small ratio a22jf/^iiif (cf- 
Comm. Suppl. N'. 15 PL I fig. 1 and PI. II), so by a small ratio of 
the critical tempemtures, b22M smaller than bun also tending in this 
direction. 



^) Mr. F. M. GiLLEY of Boston drew our attention to mixtures of air and oil. 

*) The dotted lines indicate that the considerations of this § hold both for the 
case that at lower temperature the plait crosses the j^-surface as a transverse plait, 
and for the case that it extends towards v=:b» 
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Hence we get as conditions for the possibility of the occurrence 
of barotropic phenomena: 

The second component must have: Tk^ small compared with Tkxy 
and by preference also : JW, > A/j and 622J/ <C ^nu- 

This becomes still clearer by the application of equations (2) and 
(4) of Comm. N». 79, April '02, p. 659: 

MET 

/ei = x,j e 






J/iir ^ ("^p,,, dT ''\ MRT 

which determine the ratio of the concentrations of gas and liquid 

phases of a binary mixture in which the quantity of one component 

is small, if the law of the corresponding states may be applied. 

The connodal tangent chord will rapidly deflect from the side a: = 0, 

if the exponent of e assumes a considerable negative value. The 

1 fdl\k\ 
greatest influence on this exerts a = -— | — — , on account of 

J k, \ dx y^=o 

the value of the coefficient -^ (> 7); so TV, will have to be small 

1 dvxk 
with respect \o Tk^, The influence of ^=a — y, ify = -~- 

Vkx dx 

(cf. Comm. N'. 81 , Oct. '02 p. 325) is only of secondary importance. 
To tend at least in the right direction, y would have to be negative, 

so i22M<*llM'). 

Physiology. — ''An investigation of Mr. J. W. A. Gewin, on the 
relation of pepsin to chymosin'' By Prof. C. A. Pekklharino. 

That gastric juice possesses the power, on the one hand to digest 
proteins under acid reaction, on the other hand, to curdle milk imder 
neutral or scarcely acid reaction, is generally attributed to the pres- 
ence of two different enzymes in the gastric juice, viz. pepsin and 
chymosin. This opinion is chiefly based upon an observation of 
Hammarstkn, who was the fii-st to throw light on the changes that 
take place in milk when it is coagulated by means of rennet. 
Hammarsten found that an extract from the mucous membrane of 
the stomach, which, when prepared fresh, could digest proteins as well 



1) The more elaborate malhematical treatment of the conditions for the occurrence 
of barotropic phenomena, as sequel to CSomm. N^ 96c, will be postponed till 
further experiments call for a further discussion. 
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as curdle milk, after having been digested for a few days with hydro- 
chloric acid at a temperature of 37° C, no longer showed the action 
of rennet, but had preserved its peptic action. From this it could 
not but follow that each of these actions depended upon a separate 
agent. 

Meantime doubts have gradually arisen as to the correctness of this 
opinion. That there must at any rale be a very close connection 
between the pioteolytic action of pepsin and the enzym of rennet, 
was made probable by the experience that all ensiym-solutions with 
a proteolytic action, no matter whether they are of animal or of 
vegetable origin, can also act like rennet. And, as I communicated 
some years ago in this Academy, and as was afterwards corroborated 
by Nencki and Sieber, it could also be proved that all kinds of 
preparations of pepsin, also when a long digestion with hydrochloric 
acid and a purification as careful as possible had preceded, are able 
to act like rennet. 

In 1904 there appeared an investigation by Pawlow and Parast- 
scHUK ^), in which they demonstrated that pepsin and chymosin must 
be considered as the same substance. These investigators found that 
in different liquids containing enzym not only the proteolytic and 
the curdling power are always found side by side, but that also a 
proportionately greater curdling power corresponds to a greater 
proteolytic action. That this is not found in some enzym-solutions 
of commerce appeared to be owing to the presence of other sub- 
stances; as soon as their effect was destroyed, the proportionality 
came to light. A solution of rennet^ according to Hammarsten 
prepared by means of carbonate of magnesia from gastric juice, 
which, in his opinion, no longer contained any pepsin at all, appeared 
to be a very good digester of albumen, if only the noxious influence 
of magnesia-salts was taken away. No more was it proved by 
Hammarsten, — as Pawlow explained — that a pepsin-solution can be 
freed from rennet by digestion with hydrochloric acid, as the pro- 
teolytic action had been examined, while the liquid still had an acid 
reaction; the curdling action, on the other hand, after neutralization, 
by which the enzym might be easily destroged. 

Against Pawlow's explanation objections have been raised. Especially 
two Swedish investigators, Bang ') and Schmidt-Nielsen '), have 
defended Hammarsten's point of view. The investigation of Mr. Gewin 



1) Zeitschr. f Physiol. Ghemie, Bd. XLII, S. 415. 
^ Zeitschr f. Physiol Ghemie, Bd. XLIil, S. 358. 
3) Ibid. Bd. XLVIII, S. 92. 
') PflOqer^s Archiv. Bd. LXXIX, S. 425. 
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refers principally to the grounds alleged by these two authors for 
the duality-hypothesis. 

In the first place he has occupied himself with an inquiry into 
the correctness of the conclusion previously drawn by Bang *) from 
a number of experiments, that there is not only a difference between 
pepsin and rennet, but also that even the enzym of rennet does not 
possess the same qualities in different kinds of animals. Bang con- 
tinued to apply the old name, chymosin, to the enzym of rennet, 
as it is found in the calf. From this he distinguished by the name 
of parachymosin the enzym that can be got from the mucous mem- 
brane of the pig-stomach. The difference showed itself in the fact 
that parachymosin, when diluted, became sooner inactive than chy- 
mosin, that it showed a greater activity by the addition of chlor- 
calcium, was more proof against beating to 70^ C. and less so against 
the action of alkali. 

With reference to extracts from the mucous membrane of the 
stomach of calf or pig Gewin could corroborate these differences; 
only he did not find the difference in the promotion of the activity 
by adding chlorcalcium as important as Bang. However, it was a 
different thing, if not the extracts themselves were examined but the 
enzym extracted therefrom by dialysis, and purified as much as 
possible in the way formerly communicated by me. The better the 
purification had taken place, the smaller the difference became. The 
extract from the mucous membrane of the calf-stomach loses its 
power to curdle milk when, neutralized, it is heated for 10 minutes 
to TO"" C. ; however, its power is but little reduced, if it is mixed 
with caustic soda to 0.01 7o &nd neuti-alized again after half an hour. 
With the extract of the mucous membrane of a pig-stomach it is just 
the reverse. With the enzym of the calf, purified as much as possible, 
the resistance against heating appeared to have become great, against 
alkali small. From this it must therefore be deduced that the dif- 
ference does not lie in the enzym itself, but that it is caused by 
other substances occurring in the extract. Indeed, it could be proved 
experimentally that the extract from the membrane of the calf-stomach 
contains substances which protect the enzym against the action of 
alkali, but make it the more sensitive to heat. Of a solution of 
purified pig-enzym (which possesses the qualities of Bang's para- 
chymosin) one half was diluted with water, the other with an 
extract from the mucous membi-ane of a calf-stomach, which extract 
had been deprived of all enzym by heating it for one hour to 80^ C. 
and then neutralized. Of both solutions 2 cc. mixed with 8 cc. of 
milk caused curdling in 30 sec. A part of each was heated for 
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10 minutes (o 70'' C, another part for half an hour left in contact 
with 0.01 Vf NaHO and then neutralized again. Now the result was: 



2 cc. enzym with water -hScc. milk 
2 , , ^ extract +8 „ , 



After heating 
curdling in 2Vsmin. 
no curdling 



After action of alkali 
no curdling 
curdling in 11 min. 



Gewin also examined two rennet-preparations of commerce, one 
Dutch of VAN Hasselt and one Danish of Hansen. Both showed the 
qualities of Bang's chjmosin. But when^ by dialysis and precipitation 
with acetic acid, the enzym had been isolated and at least for the 
greater part been freed from impurities, they had become much more 
susceptible to alkali and much less so to heating. 

That the enzym is destroyed not only by alkaline, but gradually 
also by neutral reaction has been made clear by Pawlow and 
corroborated by Gewin in numerous experiments. From this Gewin 
explains the difference found by Bang between chymosin and para- 
chymosin, the solution being diluted. What Bang calls chymosin is 
the enzym mixed with substances protecting it from alkali. When 
those substances are present, it may be assumed that the enzym is 
better proof against the dilution with water, by which the number 
of hydroxyl- and metal-ions increases. A solution of purified enzym 
(parachymosin), possessing the same curdling power as a not purified 
solution of calf-enzym (chymosin), shows, when diluted, sooner a 
decrease in action, and consequently must, also sooner, show the 
promoting influence of the addition of chlorcalcium. 

So there is no reason for assuming different rennet-enzymes in 
different kinds of animals. The difference does not lie in the enzym 
but in other substances originating from the mucous membrane of the 
stomach. If it is necessary to give a separate name to the enzym of 
the gastric juice that can curdle milk, it is sufficient to use the word 
chymosin for it. 

But is even this necessary? Should it be assumed that chymosin 
is different from pepsin? 

To the solution of this question Gewin has devoted the second 
part of his investigation. It was tried in vain to divide the enzym 
into a proteolytic and a curdling part. It is a well-known fact that 
proteins, undissolved and at a temperature of 15"* C. put into a 
pepsin-solution, take up and keep back this enzym, so that it is not 
to be separated from it by washing it out. Coagulated and minced hen's 
albumen was put in a solution of purified pepsin in 0.2 Vo HCl. 
Now, if chymosin were a different matter firom pepsin, only the last 
mentioned would perhaps be extracted from the solution by the 
albumen. It appeared, however, that the liquid filtered from the 
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albumen after some hours, bad lost not only tbe peptic but also the 
curdling power. Indeed, the same negative result had already been 
arrived at by Jacoby, who for these experiments did not use hen's 
albumen but caseine ^). 

In the second place it was examined whether a separation into two 
enzymes could be brought about by dialysis. When pepsin, dissolved 
in hydrochloric acid, is dialyzed against distilled water, it is partly 
precipitated, most completely at a low temperature, as soon as the 
quantity of acid has gone down to about 0.02Vq HCl. Always, however, 
a considerable part remains dissolved, which, with the aid of ammo- 
nium-sulfate — if the solution does not contain much albumose 
through 507o saturation with this salt — can be precipitated. If pepsin 
and chymosin are different matters, it cannot be deemed improbable 
that they also differ in solubility, that therefore the precipitate in 
the dialyser should contain more of either one or the other matter 
than the liquid filtered from it. Also in this way, however, a sepa- 
ration into two enzymes, did not succeed. 

Schmidt — Niklsen, however, has communicated experiments from 
which it appears that, though not a complete, still a partial separation 
of pepsin and chymosin is possible. A strongly active extract from 
the mucous membrane of the calf-stomach, prepared with hydrochloric 
acid, was divided into two parts. One was preserved at a low tem- 
peratui'e, the other at 37° C. After some days the heated part had 
for the greater part lost its power to curdle milk, under a neutral 
reaction ; at acid reaction, however, protein was still strongly digested. 
Now both liquids were neutralized and the one not heated so much 
diluted that the curdling power had become as weak as that of the 
one heated. After that the two liquids were rendered equally acid 
with hydrochloric acid and digested with fibrine. The fibrine was 
much quicker dissolved by the heated liquid than by the diluted 
one, not heated. During the process of heating, therefore, the chymosin 
had been chiefly lost, the pepsin however not. 

This experiment would certainly be convincing, if the neutralization 
had the same effect on the heated liquid as on the one not heated. 
This, however, is not the case. The extract contains substances 
protecting the enzym from the action of alkali; also when no more 
of this is added than 'what is necessary to attain a neutral reaction. 
If the extract is preserved at a low temperature, these substances 
remain for a long time undisturbed, but if the acid extract is heated 
to 37' C, they are destroyed. Gewin has proved this by ample 
experiments, of which a detailed account is given elsewhere. At the 

1) Biochem. Zeitschr. Bd. I, S. 66. 
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outset the enzym in the extract of rennet is quite proof against 
neutralizing, but after having been digested for a few days at S?"* C. 
this power of resistance becomes smaller, and then diminishes quickl3^ 
Now, if the neutralized liquid, in order to determine the curdling 
power, is mixed with milk, the reaction remains neutral and no 
curdling arises. However, if it is rendered acid again, soon after the 
neutralisation, a sufficient quantity of enzym is left to digest protein. 
Also if the not heated solution of the enzym, before being neutra- 
lized, is sufficiently diluted with 0.27« HCl, neutralisation herein 
causes a rapid decrease and at last an annihilating of the curdling 
power. Thus the curdling time of such a solution was, 8 times 
diluted, 10 seconds, directly after the neutralisation 27, to 4 minutes, 
whilst the milk, mixed in the same proportion with the solution 
half an hour after the neutralisation, was not yet curdled after 20 
minutes. 

In all experiments, on the other hand, at which the noxious action 
of alkali was avoided, the curdling and proteolytic power of the 
enzym solutions appeared to keep pace with each other. 

Summing up the result is therefore that not a single reason is left 
to assume a difference between pepsin and chymosin. 

No more is there any reason to stick to the opinion of Nencki 
and Sibber, which I formerly shared, according to which pepsin 
should be considered as a molecule, which, through different groups 
of atoms, on the one hand should have a proteolytic, on the othei 
hand a curdling action. The basis for such an idea, the opinion 
that the activity in one direction could be preserved, whilst that in 
the other direction was lost, I must now consider as having lost its 
foundation. The opinion defended by Sawjalopp, is far more acceptable, 
who considers the alteration of caseine, of which the formation of 
cheese is theconsequence, as the beginning of digestion, of proteolysis"). 
This opinion has, I believe, become more probable by the experiments 
made of late about the alterations caseine undergoes under the 
influence of rennet, particularly by the investigation made some time 
ago in my laboratory by Miss Van Hrrwerden*). From these it 
has appeared that caseine, at a very weak acid or neutral reaction 
and at a temperature not much lower than 37** C. in a solution 
of rennet — either a preparation of commerce or pepsin purified 
as well as possible — soon falls asunder into paracaseine, which 
when it does not directly become insoluble as a lime-compound, 
cheese, continues to change, and other substances, among which 

1) Zeitschr. f. Physiol. Chem. Bd. XLVI, S. 307. 
«) Ibid, Bd. LII, S. 184. 
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a protein, provisionally called substance C by Miss van Herwerdkn. 
Not until the enzyra has been able for a long time to influence 
these substances, does it form primary albumose from them. At 
the same time, however, the enzym also appeared at neutral 
reaction to form from coagulated albumen primary albumose, though 
in a small quantity. So there is every reason to consider curdling 
of milk as a proof of the first stage of proteolysis. 

Taking this into consideration, it is not so wonderful, as it has 
been regai-ded, that all kinds of proteolytic enzymes possess the 
power of curdling milk, though in natural circumstances they never 
come in contact with caseine. For then the peculiarity is not to be 
sought for in the enzyme, but in the caseine, the splitting of which 
already can be observed in a stage of the digestion, in which with 
other proteins alteration is still quite imperceptible. 



Physics. — ''The intensities of the components of specti*al lines 
divided by magnetism" . By Prof. P. Zeeman. 

If a spectral line is resolved into a triplet by the application 
of a magnetic field, the two outer components and the middle line 
will generally differ in intensity. According to the elementary theory 
of LoRENTZ of the phenomenon of magnetic resolution there exists a 
simple relation between these intensities. 

Let /i and /, be the intensities of the outer components and 7, 
that of the middle line then we may expect that 

I, = T,^U (1) 

It has been often asserted, that generally this relation is not ful- 
filled, and that triplets frequently have in contradiction with (1) a 
weak middle line and strong outer components. 

Really some cases ^) can be cited, in which the intensities differ 
from what may be inferred from equation (1). In numerous cases 
however this contradiction is only apparent, no attention having been 
paid to a circumstance presently to be mentioned and not yet exa- 
mined in connexion with our present subject. 

In the very important investigation by Runge and Paschen') a 
calcspar prism was placed before the tube plac*ed in the magnetic 
field. By means of a quartz lens the two images given by the calc- 

1) The lines exhibiting the partial pohirization observeci by Egoroff and Georgiewsky 
(G.R. 124, 125. 1897) are meant here. 

-) C. Runge u. F. Paschen Abh. der Berl. Akad. Anhang. 1902. 

19 
Proceedings Koyal Acad. Amsterdam. Vol. X. 
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spar are projected in the plane of the slit of the spectroscope. The 
two images could be examined separately. 

"Bei riehtiger Stellung des Kalkspaths bestand das eine Bild aiis 
Licht, dessen elektrische Schwingungen in der Lichtquelle parallel 
den Kraftlinien vor sich gehen, das andere Bild aus Licht, dessen 
elektrische Schwingungen in der Lichtquelle auf den Kraftlinien 
senkrecht stehen. Dass die Ebene der Schwingungen nach dem 
Durchsetzen des Kalkspaths durch die Quarzlinse gedreht wird, thut 
nichts zur Sache". 

Bij means of this arrangement the components with vertical vibra- 
tions are undoubtedly separated from those with horizontal ones. The 
main object of Runge and Paschbn's investigation being the connexion 
between series and magnetic separation there is no objection to be 
made. The case is changed however as soon as the relative inten- 
sities of the components in the emitted light are under investigation, 
for these under certain circumstances could be essentially altered. If 
vertical and horizontal vibrations are reflected differently by the 
grating, the rotation of the direction of vibration in the beams 
passing through the quartz lens of course will be apparent in the 
observed intensity. 

Polarizing effects of gratings are well known and generally the 
direction of vibrations relatively to the grooves must be of importance. 

I had not anticipated that this circumstance would give rise to 
such striking effects as were observed by me in some experiments 
with a large Rowland grating. I have only made some observations 
with the yellow mercury lines, observing in the spectrum of the first 
order. The incident rays made an angle of about 19° with the nor- 
mal to the grating, and in this latter direction observations were 
made or photographs taken. A vacuum tube charged with some 
mercury ^) was placed in the magnetic field and by means of a 
glass lens an image was projected on the slit of the spectroscope. 
The light emitted at right angles to the horizontal magnetic lines of 
force was investigated. 

In figure 1. a reproduction is given of the triplet in which the 
line 5769.4 is resolved. The distribution of intensities is in absolute 
contradiction with equation (1). 

Observations with a calcspar and a sodium flame, the light of 
A^hich was incident on the grating at about the same angle as 
above specified, the direction of observation being normal to the 
grating, showed at once that the light reflected from the grating 

1) F. Paschen, Physik. Zeitschr. Jahrg. 1 p. 478. 1900. 
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was strongly polarized. The vertical vibrations were strongly 
preponderating. 

The influence of a rotation of the plane of polarisation of the 
yellow mercury light on the distribution of intensities in the triplet 
was then examined. The plane of polarization was rotated by 
means of quartz plates with faces perpendicular to the axis placed 
in front of the slit. I had at my disposal two small plates of 2.15 
resp. 4.17 mm. thick. According to Gumlich *) the rotation for mercury 
light of wavelength 5769 in a quartz plate 1 mm. thick, is at 
t = 20° 22°.718 and hence the rotation in my plates amounted to 

22.72 X 2.15 = 48°.90 en 22.72 X 'Al? = 94^7. 

The change in the distribution of light is at once apparent. In 
figure 3 the outer components are hardly visible. The negative 
reproduced corresponds to the case in which the plate rotating the 
plane of polarization 94°. 7 is in front of the slit. 

Figure 2 corresponds to the case in which the incident vibrations 
are inclined at about 45° to the slit. It may be remarked that in 
this case the real distribution of intensities between the components, 
as existing in the emitted light, is observed. 

Vertical and horizontal vibrations now being equally present in 
each of the components, and hence the circumstances as to vibrations 
being the same for the three components, the polarization by the 
grating is eliminated. 

The distribution of light in figure 2 is certainly not in contradiction 
with equation (1) and eye observation seems to confirm it numerically 
also. Of course a photographic reproduction is not sufficient for a 
comparison of intensities and a numerical test must be reserved for 
a future paper. 

For an estimation of the real ratio of intensities of the components 
of a divided spectral line henceforth care must be taken that for the 
region of the spectrum under Review the vibrations in the incident 
light are inclined at an angle of 46** C. to the slit. 

If in the case of a complicated division of a spectral line some 
components are weak, it will sometimes be possible to streng- 
then these components by placing a quartz plate of suitable thickness 
in front of the slit. This will be feasible in all cases in which the 
incident vibrations are not those most fa\oured by the grating. 

Of course also with other spectroscopes this device does apply 

I; GuMMCH. Wied. Ann. Bd. 64 p. 333. 1898. 

19* 
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e. g. in the ease of a Michelson echelon spectroscope, if the incident 
light has been previously analyzed by means of an auxiliary 
spectroscope. Reflection and refraction in the glass prisms of course 
weakens to different amounts vertical and horizontal vibrations. 

Cases in which relation (1) fails are to be observed in some 
spectra with many lines (e. g. iron). Among adjacent magnetic triplets 
some are to be detected in which the distribution of intensity in 
one resembles figure J, in the other figui-e 2. Without further 
analysis one may conclude that for the one or for the other relation 
(1) fails. 



EXPLANATION OF THE PLATE. 

The figures are thirlyfold enlargements of negatives concerning the mercury line 
5769, 4. 

In all cases the image of the source was projected on the slit with a glass lens. 

Fig. 1. No quartz plate in front of slit. 

Fig. 2. Quartz plate, rotating plane of polarization 45^ in front of slit. The 
distribution of light corresponds to that in source. 

Fig. 3. Quartz plate, rotating plane of polarization 90^ in front of slit. Though 
the time of exposition was thrice that used with the other figures, there appear 
only traces of the outer components in the original negatives. 



Chemistry. — ''On lupeoL" By Prof. P. van Rombuhgh. 

In the Comptes rendus of June 24, 1907, Jungpleisch and Leroux 
state that lupeol cinnamate occurs in the gutta percha o{ Palaquium 
Treubii Brck. 

I have demonstrated previously that cinnamic acid may be obtained 
from this species of gutta, whereas lupeol cinnamate proved to be a 
constituent of different commercial varieties of gutta percha *). 

JuNGFLEiscH and Leroux have now studied the lupeol obtained by them 
and state that this substance on heating suddenly on the "bloc Maquenne" 
melts at 190"* — 192°, then immediately solidifies and melts again at 
212°. They explain this phenomenon by assuming that lupeol loses 
water and is converted into a hydrocarbon, melting at 212°, to which 
they give the name of lupeylene. At ISC lupeol would lose water 
slowly, very rapidly so at 150' — 160'' and suddenly at 190°. 



') B.B. 87 (1904) 3442. 
') Diss. Utrecht 1906. 
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p. ZEEMAN. The intensities of the components of spectral lines 
divided by magnetism. 




1. No quartz plate in front of 
slit. 




2. Quartz plate, rotating plane of 
polarization 45° in front 
of slit. 
Intensities as in source. 




3. Quartz plate, rotating plane of 
polarization 90*^ in front 
of slit. 



Proceediogs Royal Acad. Amsterdam. Vol. X. 
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On treating lupeol with acetic anhydride and sodium acetate at 
170"*, they did not obtain lupeoi acetate, but lupeylene, and they 
argue that the acetate cannot be obtained by the ordinary methods 
owing to the lupeol losing water so readily. 

But some time ago (loc. cit.) I obtained with Dr. v. d. Linden 
an acetate, by acetylating lupeol; whilst Dr. Cohen also prepared 
this ester and studied several of its reactions. 

It, therefore, did not seem to me superfluous to repeat the expe- 
riments of these French chemists, and to again prepare and analyse 
the lupeol acetate, so as to make sure that this substance really 
exists; and that Dr. Cohen, who did not analyse it, because the 
properties coincided with those of my preparation, and because a 
mixture of his acetate with lupeol exhibited a considerable lowering 
of the melting point, was really in possession of the substance. 



In order to observe readily an eventual separation of water, and 
to see and weigh the same, I, first of all, heated lupeol for many 
hours in one of the limbs of a reverted U vacuum tube placed in 
an oilbath at 190°, whilst the other limb was cooled in a Weinhold's 
glass containing liquefied ammonia. In the limb containing the lupeol 
a sublimate of beautiful crystals had deposited above the oil surface 
whilst a slight deposit had also formed in the cooled limb. 

The weight of the lupeol was 0.5403 gram. 

The deposit in the cooled limb weighed 0.0065 gram. 

On heating the same at lOO"" there remained 0.0046 gi*am. 

Therefore only traces of water could have been present in the 
cooled limb. 

The sublimate in the heated limb melted at 212''— 213\ 

In another experiment, 1.0806 gram of lupeol was weighed in a 
glass boat and placed in a horizontal tube which could be heated 
in an airbath. The tube was connected to a reservoir with sulphuric 
acid and the whole apparatus was evacuated by means of a water- 
airpump. First I heated the apparatus for ten hours at 140* — 160**; 
the loss of weight amounted only to 0.0066 gram, but it must be 
observed, however, that a sublimate had formed in the tube just 
above the boat. Then the substance was heated in the same manner 
for six hours at 190"*— 200"". The total loss in weight then amounted 
to 0.041 gram, but as the sublimate weighed 0.039 gram it was in 
reality only 0.002 gram. A separation of water, which would have 
amounted to 0.040 gram, was therefore again out of the question. 

The residue of the two experiments, after being recrystallised from 
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acetone, was combusted with lead cbronuite and the result showed 
tliat the hipeol had remained unahered. 

0.1991 gram yielded 0.2147 gram H,0 and 0.6172 gram CO, 

H. C. 

Found: 12.08 84.54 

Calculated : 11.49 84.85 (for C„ H,,0)^). 

On boiling with acetic anhydride (10 parts) and sodium acetate 
(1 part), the residue could be converted readily into an acetate 
melting at 213° as shown by the analysis : 

0.2191 gram yielded 0.2251 gram H,0 and 0.6588 gram CO, 

H. C. 

Found : 11.51 82.04 

Calculated : 10.93 82.41 (for C„ H„0,). 

For the purpose of comparison the acetate of non-heated lupeol 
was prepared and analysed in the same manner. It melted at 212°. 

0.2113 gram yielded 0.2169 gram H,0 and 0.6362 gram CO, 
H. C. 

Found : 11.5 82.11 

Calculated: 10.93 82.41 

A mixture of the two acetates analysed also melted at 212 \ whilst 
the acetate mixed with lupeol gave a strong depression of the melting 
point. 

In another experiment, lupeol was heated at 200° for 27, hours 
in a current of dry carbon dioxide. A small calcium chloride-tube 
attached showed a slight increase of weight, but it appeared that a 
little solid matter had again volatilised with the current. The heating 
was then continued for six hours and the residue heated finally 
until the mass began to melt. On treating the same with benzoyl 
chloride and pyridine it was easy to obtain the lupeol benzoate, 
(m.p. 264"") proving that the lupeol has not passed into the hydro- 
carbon. 

Finally I have also heated lupeol with acetic anhydride and sodium 
acetate in a sealed tube for three hours at 170°. The reaction product 
after being treated with water was recrystallised from a mixture of 
acetone and alcohol. The melting point of the product obtained was 



*) I will not go into the question whet4ier it would be better to assign to lupeol 
the formula G30 H50 0. 
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212^. An addition of Inpeol acetate from a previous preparation did 
not affect the melting point. If, however, it was mixed with hipeol 
or with lupeol which had been heated for some time at IBO"" a 
serious depression (about 20^) of the meUing point could be observed. 
The experiments described, therefore, prove convincingly that lupeol 
(obtained from bresk) is not converted into lupeylene under the 
circumstances mentioned by Jungfleiscjh and Lrrolx. 

As lupeol might perhaps exist in two modifications. Dr. F. M. Jaeger, 
to whom I wish to convey my best thanks, was kind enough to 
study the behaviour- of lupeol on melting. Dr. Jakgkr communicates 
to the following particulars me: 

**If lupeol is melted to a singly -refracrting liquid L, which takes 
place very sharply, the mass, on cooling, solidities partly to an 

aggregate of broad pointed needles 
A, glittering in high interference 
colours, partly to a horny singly- 
refracting mass A' , which fre- 
quently exhibits globular sphero- 
lites, resembling liquid droplets, 
which are very feebly doubly-refracting. The needles A at once 
show a tremendous number of transversal clefts, whilst the splendour 
of the coloui-s diminishes strongly; A passes here into a second 
modification B, the common form of lupeol. Meanwhile the horny 
mass has also burst and exhibits here and there a strained double 
refraction besides an increase in the number of droplets, that is 
to say, crystallisation nuclei in an embryonal condition. If heated 
carefully for a moment, it crystallises into the needles A, which pass 
immediately into B (by bursting etc.); the horny mass A' is iden- 
tical with the needles A: it is ^4 in a supercooled condition. 

The crystallisation velocity is here nearly = 0, and by heating 
it is increased to such an extent (owing to the diminution of the 
ijiternal friction etc.) that the mass begins to crystallise. This is 
a phenomenon welt known to me; beautiful instances of crystal- 
lisation on heating are usnic acid and many cholesterol esters of 
fatty acids. 

On remelting B, A is formed some times for a few short moments, 
afterwards L. The two modifications therefore appear to be related 
by enantiotropy." 

Utrecht, Org. Chem. Lab. Univers. 
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Statistics. — ''Relations between mortality of infants and high 
temperatures?' By Dr. E. van Everdingkn. (Ooininunicated by 
Prof. C. H. Wind.) 

In the ^*Statistische mededeelingen iiitgegeven door het bureau van 
statistiek der gemeente Amsterdam" the other day a treatise appeared 
as N° 19: ^^Kindersterfte in Nederland (in de jaren 1881— 1905)" by 
Prof. Dr. R. H. Saltet and Mr. Ph. Falkenburg.^) The authors point 
to the fact of the existence of a distinct maximum in the mortality of 
children under one year of age in the summer-months, and try to 
find among others a relation between the amplitudeof this maximum 
in different places and in different periods, and the monthly meana 
of temperature at neighbouring places in the same periods. The 
result is rather negative; hence they write as follows: 

"Also from the chronological comparison of the mortality of 
infants and temperatures, as given by us here for Zealand and the 
town of Groningen, we are only able to draw a negative conclusion. 
If in a single case we may speak of parallelism, in the majority of 
the cases no direct relation between temperatures and mortality oi 
infants can be traced. In so saying we do not imply that we have 
proved the statement, that the mortality of infants should be in- 
dependent of the condition of the air. On the contrary, the diagrams 
we gave furnish the most evident proofs of a relation between the 
condition of the air in the summer and the mortality of infants. 
But it is not the height of the temperature which regulates this 
mortality. As we remarked before, in our opinion the probability 
remains, that the temperature-fluctuations of the summer — diurn 
or interdiurn — are the causes which exert an obnoxious influence. 
The data concerning these fluctuations fail however and cannot in 
our opinion be replaced by data about temperature-frequencies, which 
the Meteoi-ological Institute would be able to furnish. We cannot 
but with a single word refer here to the theory which connects the 
summer mortality of babies with the presence in this season of a 
larger number of insects, bearers of disease-germs. Positive facts 
enabling to further investigate this matter are lacking at present. 

Hence there is reserved here a vast field of research for the 
zealous investigator of the future. 



1) A german translation of this treatise appeared under the title: '^Statistische 
Milteilungen des Slalistischen Amtos der Sladt Amsterdam N^. 19. Kindersterblich- 
keit besonders in den Niederlanden, bearbeilet von Prof. Dr. R. H. Saltet and 
Dr. Ph, Falkenburg. 
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2. We think we can show (hat the writer have expressed them- 
selves here in too definite terms, and that a distinctly positive result is 
obtained if another method of reseai-ch is followed. 

Already in furnishing the mean monthly temperatures for periods 
of 5 years, which the writei-s used for their research, the present 
writer expressed his doubt as to whether these data were fitted for 
the purpose aimed at. If the fluctuations of the mortality of infants 
were merely directly proportional to the fluctuations of the mean 
monthly temperature, the relation sought for ought indeed to appear 
also in this way. As soon however as these data are otherwise 
connected — e.g. the increased mortality occurs only after the tem- 
perature exceeding a certain limit — it is no longer allowed to use 
mean values without further inquiry. 

The research of Prof. Saltkt and Mr. Falkenburg did indeed not, 
as we saw before, reveal any relation between mean monthly tem- 
peratures and mortality of infants. We will demonstrate this here 
clearly once more by giving for a single town, Groningen, the 
deviations from the mean for 25 years of the 5-annual means of 
the mortality of infants in the summer months May-September, and 
by their side, in italics, the same deviations for the temperature. 
The former are given in hundredths per diem, the latter in tenths 
of a degree Celsius. 

GRONINGEN 1881-190r>. 



Period 


May 


June 


July 


Aug. 


Sept. 


1881—1885 


10 —5 


12 — 9 


32 1 


— s 


9 4 


1886—1890 


9 3 


17 1 


'2A —11 


- 1 - tf 


9 ^2 


1891-1895 


3 5 


-10 —10 


-'8 - 1 


—13 4 


-2 4 


1896-1900 


-14 —5 


— 5 15 


—20 6 


9 11 


4 3 


1901—1905 


- 7 2 


-i7 4 


-16 e 


6 — ;? 


—4 —2 



If high temperatvre-means for 5-year-periods were accompanied by 
high mortalities of infants, at least the signs of the two kinds of 
deviations ought to agree generally. We find however 12 concordances, 
12 discrepancies and 1 undecided case ; hence in this way no relation 
is apparent. 

3. It might be supposed that this very unfavourable result is 
caused partly by adding up the numbers for five years. In this con- 
nection we might mention that Dr. Olland ^) formerly traced a 

^) A. G. OuAND, Invloed van hel weer op hel sterftecijfer. Thesis, Utrecht. 1896. 
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ilifftMonco ill iho {^cMioral inorlalilv hv (•(>m|)iiriiig very hot ainl verv 
coM siimiiioriiKHitlis. Tlio |M'iiiri|)al cuiisos however are (nfrerciiL 

We now lake jis an example the mean mortality of infantas at 
(ironingen over the whole period 1H5U -1905, expressed for every 
month in percentages of one twelfth of the year-mortality; then we 
find in ronnd percentiifres (I.e. p. 74, Table XLIII H). 

April May Jnne July Aug. Sept. Oct. 

103 93 1(K) 110 133 103 83 

We will compare these nninl>ers with the mean monthly tempe- 
ratures, and moreover with the number of days with excessively 
higfi tempendures, which (K'cnrred <luring a similar period. In this 
respect we think in the lirst place of the days with maximum tem- 
peratures above 25° C^ for which tiie normals (Krur in the *'Maand- 
overzicht der weersgesleldheid in Nederland" ^). 

We thus find for the total nund)er during the period 1894 — 1906. 

April May June July Aug. Sept. Oct. 
2 20 64 1(H) 51 22 1 

whereas the mean monthly temperatures in the period 1891 — 1905 are 

16.6 18.4 17.6 14.7 9.6 

There is much more resemblance between 
the form of the maxima in thq tirst two 
scries of numbers than between those of 
the first and third series, as is clearly 
shown by fig. 1. {S mortality, Z number 
of days with max. temp. ]> 25°, T mean 
monthly temperature); but also for the 
second series (he epoch of the maximum does 
not coincide with that of the fii'st: it seems 
as if there is a retardation of the mortality 
as compared with the high temperatures. 
In itself this does not look improbable. 
Though the writer enters here a field where 
he is scarcely entitled to a judgment, he 
thinks he may risk the supposition, that 
l)erha[)S the high temperatures favour the 
development of diseases which only after 
a certain lapse of time cause death. If this 
be the case, then a better agreement between 
l^^ig 1 the fluctuations of temperature and mor- 




1; (.Monthly weather review in llie Nellierlands) Publ. N^. 94 Kon. Ned. Meteor, but. 
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talify iinist be obtained if the latter are compared with mean tem- 
peratures or numbers of days with high temperatures for a period 
which begins and ends a little earlier. 

We have tested this conclusion by calculating the mean tempera- 
tures as well as the numbers of days with temperature above 25° — 
which, in accordance with a terminology used in meteorology, we 
will call henceforth "summer days" — once for the calendar months, 
once for periods from the 16^** of one month till the 15^*» of the 
next month. 

Both the choice of the **shift" of 15 days and that of the tem- 
perature-limit 25° are somewhat arbitrary. For a preliminary research 
like ours there is however no objection to this. From the table below 
it appears that at least for some parts of our country the shift has 
about the size which serves the purpose ; by 5 are indicated the 
mean values of the mortality of infants for calendarmonths during 
the period mentioned in the first column, given in percentages of 
one twelfth of the yearly death-rate, as we will continue doing in 
the following pages; by T the mean numbei-s of summerdays in 5 
years, for periods of one month shifted over 15 days. 



Period 


Place of observation 


May -June 


June-July 


July-Aug. 


Aug.-Sept. 


1891—1005 


s 

Groningen 
T 


100 
19 


110 
2) 


1:^ 
32 


103 
10 


1881-1905 


S Utrecht 

T Utrecht-de Bilt 


102 

18 


25 


133 
22 


97 
15 


1881-1905 


5 Zealand 
T Flushing 


7-2 
4 


1M 
12 


150 
12 


159 
7 



For Groningen and Utrecht the maxima now coincide wholly or 
almost so. For the province of Zealand, only partially well represented 
as to its climate by Flushing, a difference of a month in the epoch 
of the maximum remains. 



4. We first give here the results of the investigation for Groningen, 
in which we compare successively with the deviation of the mortality 
in 5-year periods the deviations of: 
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a. the common mean monthly temperatures; 

b. the means for the periods May 16**> — June 13'*» etc.; 

c. the numbers of summerdays for calendarmonths; 

d. the number of summerdays for the periods May 16^*» — June IS^^'etc. 



GRONINGEN 1881-1905. 



Period 


June , July Aug. 


Sept. 


a. Mean temperatures for calendarmonths 


1891—^895 


_3 -15 1 —5 —5 


—28 


—7 2 


1896—1900 


7 i2 — 6 2 


10 7 


5 i 


1901-1905 


— 4 i 11 2 


19 -6 


2 -4 


b. Mean temperatures May 16th— June 15th etc 


1891— ;895 


—1 _7 1 -5 1 —28 - 7 


—7 4 


189G— 1900 


7 5-0 -2 10 8 


5 5 


19;i1- 1905 


—5 5 ! 11 2 19 —2 2 —8 


c, Summerdays calendarmonths. 


1891—1895 


—3 — /i 


-5 — i2 


-28 1 


—7 —2 


1890-1900 


7 14 


-6 e 


10 2 


5 J 


19fH— 1905 


4 2 


11 6 


19 —5 i 2 — i 


<L Summerdays May 16th —June loth etc. 


1891—1895 


—3 —7 


—5 -1 


—28 -i6 


-7 .5 


18(JC— 1900 


7 5 


—6 —2 


10 9 


5 2 


1901— 1! 05 


— i —2 


11 5 


19 7 


2 -S 



First regarding only the signs, we find : 





concordances 


discrepancies 


Undecided 


a 


6 


5 


J 


b 


7 


4 


1 


c 


8 


4 


— 


d 


10 


2 


___ 
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The diflFerences between a and b, and between c and d give the 
effect of the substitution of number of summerdays for mean-tempe- 
ratures, the differences between a and h, and between c and d the 
effect of a shift of 15. days. It appears that the improvement in the 
concordance of the signs is largest for the transition from b io d\ 
in the transition from c to d in the first place the improvement also 
in the quantitative jvgreement of the deviations of mortality and 
number of summerdays is remarkable. Finally the agreement in case 
d may be called so satisfactory, that but little doubt remains whether 
the high temperatures must be considered as the cause of the increased 
mortality of infants. 

Hence the negative result arrived at by Prof. Saltet and Mr. FAiiKEN- 
BURG was due partly to the use of mean temperatures instead of 
temperature frequencies, partly to their non considering a I'etardation 
of the mortality with respect to the cause of death. 

We will now test the agreement in case d also for Utrecht and 
Zealand. 

UTRECHT (de Bilt). 



Period 


June 


July 


Aug. 


Sept. 


1881—1885 


16-7 


17 10 


—29 — 3 


—13 — 4 


1886-1890 


15—4 


—22 -11 


—11 -14 


- 2 1 


1891-1895 


-10 — 2 


-10 — 7 


— 6 — iO 


- 2 1 


1896—1900 


— 7 8 


7 4 


8 21 


15 8 


1901-1905 


-21 5 


7 6 


46 8 


3-6- 



• ZEALAND (Flushing) 



Period 


June 


July 


Aug. 


Sept. 


1881—1885 


— 3 


1 


11 


21 3 


—12 — 3 


1886—1890 


4 


2 


3—4 


—30 — 3 


7 


1891—1895 


9 





4 — 1 


—12 —10 


- 8 1 


1896-1900 


—13 - 


1 


—11 — .5 


21 7 


38 7 


1901—1905 


4 





- 7 


1 4 


-24 - 5 
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Hence so far as the signs are concerned we find : 

Concordance Discrepancy Undecided 
Utrecht; 13 7 _ 

Zealand; 12 4 4 

The number of concordances in these cases is large enough to 
show that the tluctuations in the number of sumraerdays play an 
important part in the matter of the mortality of infants, especially 
if we consider that at Utrecht as well as in Zealand most concord- 
ances occur in Ihe months of large mortality of infants: July and 
August for Utrecht, August and September for Zealand. Doubtless 
there are besides them other important circumstances, not connected 
with temperature, the influence of which even in means for 5 years 
is not yet eliminated. This need not surprise us — ; it rather may 
be called remarkable that in the case of Groningen not more is 
shown of such circumstances. Whether a better agreement might be 
obtained by assuming a higher temperature limit for Utrecht, for 
Zealand a lower temperature limit and another value for the shift 
we have not tried so far. 

The mean temperatures for the periods May 16^*' — June J5'*» etc. 
were not calculated for Utrecht — de Bilt and Flushing; a comparison 
of the methods a, c and d however favours the view, that no impro- 
vement would ensue. For, the result for Utrecht was : 





Concordance 


Discrepancy 


Undecided 


a 


13 


7 


— 


c 


13 


6 


1 


d 


13 


7 


— 


Flushing 








a 


7 


7 


6 


c 


12 


7 


1 


d 


12 


4 


4 



It would seem as if the result for Utrecht is practically the same 
in the three cases. If however also the quantitative agreement is 
considered, this appears to be wholly lacking in the case c, but 
to be much better in case (/ than in case a ; hence the results obtained 
for Groningen are also here, though not so generally, valid. 

5. A drawback of the use of means or sums for periods of 5 
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years is this, that the (olq-l. number of data for comparison is rather 
sniall, and that there remains an uncertainty as to whether really 
the increased mortality, appearing from these means, occurred in the 
same years in which also the number of summerdays was largest. 
For this reason we have compiled from the *'Ned. Staatscourant'' 
the numbers expressing the death-ra,te of children less than one year 
of age for the period 1881 — 1905, both for Utrecht and Groningen; 
we have expressed the monthly values in percentages of one twelfth 
of the yearly death-rate, and compared these data after the method 
of the preceding ^^, by comparing the deviations from the means 
for the period 1881—1905 respectively 1891 — 1905, with the 
deviations of the number of summerdays between May 16^*» and 
June 15»*i etc. 

The results are given in the following tables. 



GRONINGEN 4891-1905. 



Year 


June 


July 


Aug. 


Sept. 


1S9I 


- 4 —4 


- 32 — / 


— i7 —5 


—2 


92 


35 2 


-26 —5 


-9 -i 


2 2 


03 


-26 -2 


12 5 


-22 -2 


-37 4 


04 


—39 —2 


2 — / 


-01 — i 


— 7 -3 


95 


25 -2 


li 


4 —2 


13 5 


96 


41 3 


48 2 


—15 2 


-44 -5 


. 97 


— 2 4 


— 12 


24 1 


7 -5 


98 


— 7 —1 


—67 —6 


42 -2 


- 2 .5 


99. 


- 3 ^2 


8 3 


-33 5 


— 8 2 


1900 


12 3 


-11 —2 


36 5 


61 2 


01 


— 5 —3 


10 3 


2 13 


—30 ^ 


02 


48 2 


-21 I 


— :K) —5 


-9 -^ 


o:< 


— 11 


- 15 —? 


1 —4 


33 — i 


Oi 


—21 


13 -4 


134 5 


18 — / 


05 


—38 — ;2 


75 5 


—21 f) 


^3 
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UTRECHT 1881- 1905. 



Year 


June 


July 


Aug. 


SepL 


1881 


9—5 


—14 2 


—12 1 


— 9 — 5 


82 


-17 — 3 


3—5 


—49 2 


10—5 


83 


35—2 


3 


-61 — 5 


— 9 — 1 


84 


25 - i 


35 7 


7 6 


-40 5 


85 


39 3 


12 i 


-i1 -5 


—15 — 2 


86 


26 — i 


—35 — 3 


—15 — 2 


43 10 


87 


23 — i 


—17 — 1 


— 9 


-25-1 


88 


— 9 — i 


—21 — 1 


-29 -2 


—27 — 5 


89 


27 4 


16 —i 


— 8 — 4 


10—2 


90 


21 - i 


—45 — 5 


— 3 — 2 


—15 — 2 


IM 


—21 — 4 


—28 - 3 


—15 — 2 


— 8 — 2 


92 


3 4 


—22 — 4 


-42-5 


16 2 


93 


1 


18 4 


40 


—21 2 


94 


—12 — 2 


10 - i 


0—1 


—17 — 5 


95 


^ A ^ 2 


— 6 — 2 


-14 - 2 


21 2 


96 


3 


4 


-13 i 


8—5 


97 


17 6 


19 i 


6 


-6 -2 


98 


3 2 


-33—5 


15—1 


57 S 


99 


-46 - 1 


27 2 


14 5 


13 5 


1900 


— 8 3 


41 — Jf 


18 9 


— 5 2 


01 


—17 


20 1 


21 9 


—12 (} 


02 


-9 1 


—40 1 


-48 -5 


11 - / 


03 


—25 5 


—18 1 


18—5 


27 


04 


—45 - 1 


35—2 


174 7 


6-2 


05 


— 8 


44 5 


36 (? 


-17 - 5 



For comparison we give the same table, with the mean tempera- 
tures at Groningen for the periods May 16'^ — June 15^*> etc. (case 
6 ^ 4). The deviations for these temperatures are given in tenths 
of degrees. 
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GRONINGEN IKM— 1905 pt). 



Year 


June 


July 


Aug. 


Sept 


1891 


- 4 


—25 


-32 


2 


—47 9 


—27 5 


92 


35 


9 


—26 - 


"HI 


-9 ^17 


4 10 


93 


—26 


6 


12 


13 


-22 - 4 


-35 7 


94 


-39 


--18 


2 


3 


-61 — 1 


— 5 — i5 


95 


25 


— 6 


11 - 


- 4 


4—5 


15 20 


96 


41 


11 


48 


6 


—15 1 


-42 — 1 


97 


- 2 


27 


—12 


2 


. 24 12 


9—5 


98 


— 7 


— 9 


-67 - 


'22 


42—5 


25 


99 


- 3 


—13 


8 


9 


-33 14 


- 6 5 


1900 


12 


3 


—11 - 


- 4 


36 15 


6'^ 5 


1 


— 5 


— 4 


10 


2 


2 21 


-2S - 8 


2 


48 


— 2 


-21 


2 


—30 —29 


— 7 — 6 


3 


-11 





—15 - 


'14 


1 -15 


35 —13 


4 


-21 


8 


23 - 


- 4 


134 13 


20—4 


5 


—38 


10 


75 


24 


-21 1 


8 — S 



It wa8 to be expected that in these tables moi^e cases would be 
found where the signs do not agree, or the magnitude of the devia- 
tion in one series of numbers is not proportional to that in the 
other series; indeed, all disturbing causes exert their full influence 
here. If however we leave out of consideration those cases where 
one of the deviations is zero, and those where the deviation of the 
number of summerdaj'S is but one, or the deviation of the mean 
temperature not more than 0.°2 (Gruningen b) then we obtain the 
following resume : 



Signs equal. 
Number of Sums 




Signs opposite. 
Number of Suras 


cases 

T 


S 


Groningen 




cases 

2 S 


31 114 


927 


Utrecht 


13 


42 191 


60 186 


1275 


Groningen (b) 


19 


54 308 



31 



38,4 836 



17 



14,9 366 



Proceedings Royal Acad. Amsterdam. Vol. X. 
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Hence in the two first tables the number of concordances is much 
larger than that of the discrepancies, and, moreover, in the favourable 
cases the mean deviations of number of summerdays and mortality 
are greater, so that in our opininion no doubt remains concerning 
the relation between the two phenomena. 

The resume for the third table clearly shows that the parallelism 
with the deviations of the mean monthly temperatures is not so 
good as with the number of summei-days. 

We may now try to find the factor, which can express this relation 
approximately. For this purpose we take the sum of all positive 
deviations of the number of summerdays, and compute the algebraic 
sum of the corresponding deviations of the mortality of infants. Likewise 
for the negative deviations of the summerdaysr We thus find : 

Sum pos. dev. T Sum aS Sum neg. dev. T Sum S 
Groningen + 81 +463 — 83 —352 

Utrecht (town) + 120 + 502 — 120 ^ 465 

Without giving all numbers in detail we may add here the result 
for the province of Utrecht, where 54 concordances occur against 
17 discrepancies: 

Utrecht (prov.) + 133 +543 —118 —433 

The diffference between sum S for positive and negative deviations 
of T, rather large for Groningen, is probably an indication of a 
non linear relation. If we overlook this and combine the two kinds 
of deviations, we find for the factor sought for Groningen about 
5.0, for Utrecht (town) about 4.0, Utrecht (prov.) about 3.9. 

6. What precedes still leaves open to doubt whether the high 
temperatures themselves cause the increased mortality, or, as Prof. 
Saltet and Mr. Falkenburg supposed, temperature-fluctuations con- 
nected with them. It might indeed be imagined that, as a rule, 
numerous high temperatures would be accompanied by numerous 
large tempemture fluctuations. Though, from a meteorological point 
of view, this supposition did not look very probable, we have tested 
it likewise, for which purpose the annals of the Royal Netherlands 
Meteor. Institute are quite sufiicient. For the same periods from the 
middle of one month to the middle of the next for which the sum- 
merdays had been counted, we computed for Groningen the sum of 
the differences of the maximum temperature from one day to another, 
for simplicity neglecting the tenths of degrees. The results were 
dealt with in the same way as before: hence the deviations of the 



Digitized by 



Google 



( 307 ) 

tempemtiii-e fluctuation sums are expressed in entire degrees. The 
result follows here: 

GRONINGEN 1891-1905. 



Period 


June 


July 


Aug. 


Sept. 


1891—1895 
1896—1900 
1900-1905 


— 3 —19 
7 31 

— 4 —11 


— 5 22 

— 6 9 
11 —31 


—28 —16 
10 45 
19 —30 


— 7 20 
5 - i 
2 —18 



Among 12 cases there is concordance in 5, discrepancy in 7 cases, 
so that in this way no relation between the temperature-fluctuations from 
day to day and the fluctuations of the mortality of infants is shown. 
Also the annual range of the mean amplitude of the temperatui-e- 
fluctuations from day to day has another character than that of the 
frequency of high temperatures; the maximum of the temperature- 
fluctuations falls in June, not in August. Therefore we thought it 
useless to separately investigate the larffe or the diurn temperature- 
fluctuations. 



7. In concluding our investigation we are welFawai'e that it is 
far from complete and leaves room for various questions. If we 
succeeded in convincing the reader that one of the prominent causes 
of increased mortality of infants is an increase of the number of 
very hot days, we express a hope that others, may it he competent 
in medical matters, will feel inclined to trace the more direct 
relations, to explain the different character of the phenomenon in 
various parts of the country, perhaps with the aid of other tem- 
perature limits and other shifts. The data the Meteorological Institute 
is able to furnish for this purpose, also concerning other elements 
than temperature, will readily be put at the disposal of the future 
investigator. 

The results obtained so far may be summed up as follows: 
1*'. The fluctuations of the mortality of infants bear hardly any 
relation to those of the mean monthly temperatures in the same 
months, neither with those of the mean amplitude of the temperature- 
fluctuations from day to day. 



2•»'^ The imniber of 



(lays with iiiaxiimnu teinpcralure above 

20* 



Digitized by 



Google 



(308 ) 

25' C. ("siimmerdaj s") coiinled for periods from May 1 6^^ to June 1 5*^ , 
June 16'*' — July 15^*' etc shows fluctuations, which in alarge majority 
of cases agree in sign with those of the mortality of infants in June, 
July etc. 

3'*^ . If a simple proportionality is assumed between the deviation 
from the normal of the number of **summerdays" and that of the 
mortality in a period beginning and ending 15 days later, then for 
each summerday above or below the normal number the mortality 
of infants is increased or diminished at Groningen with 5, at Utrecht 
with 47o of the mean monthly death-rate. 

Chemistry. — ''Action of potassium hypochlorite on cinnamide'\ 
(2"^ communication). By Dr. R. A. Wekrman. (Communicated 
by Prof. S. Hoogbwerfp). 

It has been stated in a previous communication ^) that from cin- 
namide and potassium hypochlorite was obtained cinnamoylstyrylurea. 

C,H,C"=CH— NHv 

C.H.CH = C« — CO — Nh/ 

This proved that in the action of potassium hypochlorite on cin- 
namide an intramolecular rearrangement of atoms takes place, and 
that it therefore becomes possible to arrive from a compound with 
the atomic grouping: 

C\H.C = C - C — N 
at one with the atomic gmuping: 

C.H.C = C — N — C. 
A compound of Ihis structure may be very readily obtained from, 
cinnamide by treating this in luethylalcoholic solution with an alkaline 
solution of potassium hypochlorite. In this way a yield of about 
70 7o 0^ ^he urethane is obtained : 

C.H.C« = C" — NH _ COocH. 

styrylaminoformic methyl ester. 

B. p. 18r— 182° at 14 mm. M. p. 122° -123° (corr.) 

0,1674 gr. yielded 0,0914 gr. H,0 and 0,4141 gr. CO, 

0,1733 „ „ 12 cc. N, at 14° and 761 mm. 

Found : 67,45 Vo C ; 6,11 'I, H and 8,12 Vo N. 

Calculated for C,„H„0,N : 67,76 7„ C; 6,27 V„ H and 7,91 7, N. 

Proc. 1906, 803. 
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A substance of the same structure has been described by Thiklk 
and Pk!Kard *), who prepared it from the potassium salt of 4he 
acetylated cinnamo-hydroxamic acid. As they give the melting point 
as 115°, and as, in another respect, their observations do not quite 
agree with mine, the urethane was prepared by Mr. W. Ochtman, 
in the manner indicated by Thirt-k and Pickard for the purpose of 
comparison. 

The two substances appeared to be quite identical ; the melting 
point was found to be 122° — 123^ and a mixture of the two melted 
at the same temperature. 

C.H,C»=CH-COnh, ^ 

^C.H.CH=CH-N"-COocH. 

\ % 

NOH NO-CO-CH, 

This ready formation of urethane in an aqueous-alcoholic alkaline 
medium is remarkable. 

1 ascertained that this reaction also takes place with a derivative 
of cinnamic acid. From o-nitro-cinnamide is formed the o-nitrostyryl- 
aminoformicmethyl ester : 

C.H.NO, - C" = C« - NH - CO OOH. 

This crystallises in bright yellow needles mp. 149'— 150\ 

0,2009 gr. yielded 0,3956 gr. CO, and 0,0781 gr. H,0. 

0,1457 „ „ 15,8 cc. N, at 15° and 758 mM. 
Found : 53,70 7, C ; 4,36 7, H and 12,60 7, N. 

Calculated for C,oH,pO,N,: 54,03 7oC; 4,55 7. H and 12,61 7, N. 
A fuller communication will follow in the Receuil. 

DelSX July 1907. CMmkal Laboratory of the 

•^ ^ Technical High School 

Meteorology. — ''Tl^ analysis of frequency-curves of the air- 
iemperatare'' By Dr. J. P. van dbr Stok. 

1. The question in what way the characteristic details of frequency- 
curves of different kinds may be pointed out in a striking way in a 
pliant, analytical form has again been treated extensively in a recent 
work '). 

The aim of this communication is to fix the attention on the 



I) Ann. 309, 197. 

^) H. Bruns, Wahrscheinlichkeitsrechnung und IColleLtivcnasslelire, Leipzig und 
Berlin, Teubner, 1906. 



Digitized by 



Google 



( 310 ) 

method of treatment suggested in it and to give some applications 
of it to fieri uency-n umbers concerning air-temperature, deduced from 
observations made on board the lightship '*Scliouwenbank'\ 



2. The method suggested by Bruns deserves the more the con- 
sideration of all who are occupied with the treatment of frequencies 
as it is based on the classical works of Bessef. and Fkchner and 
can be regarded as a logical outcome of the principles indicated bj 
these investigators. 

As a basis is taken the well-known function 



^•(^) 



2 






(I) 



for which in various works tables are given; the first derivative of 
this function: 



assumes after substitution of lix for x and multiplication by A the 
form of the specific probability of a deviation x according to the 
law of errors of Gauss in its simplest form. The derivatives of 
higher order can be written thus : 



yjt 
2» 

y Jf 

2' 
y jt 



0/1 /J 

X* 1 "j 

/ 2 / ~ 1 / / 2'J 

a* * "1 

~ 0/3/ "*" 1/1/ 2'J 

X* X* 1 "j 

0/4/ ~ l/2/2» "^ 2/0/2«J 

— f_ J — I — I 

0/5/^1/3/2' 2/l/2<J 



(3) 



etc. 



Now Bruns' suggestion is as follows : the specific probability (sum 
of the mimbei-s =1) of a deviation from a ground value assumed 
arbitrarily be represented by the series: 

y = h[D,0,{}ix) + D,^,{hx) + D,0,{hx) + ....]. . . (4) 
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from which ensues, that the integral of this equation, called the 
curve of the sums, is expressed by the form 

2>,0„ + i?,0, 4- A*, + etc (5) 

where means ^{/uc). as is the case in what follows. 

From (4) it is immediately evident when regarded iu connection 
with (3) that the suggested analysis of the curve (called by Bruns 
not frequency -curve but curve of distribution) shows a resemblance 
to the development of a function in terms of a Fourikr series. 

In the different 0^, terms appear polynomial functions of order 
p — I ; the ^p curve shows p maxima and minima and intersects 
the X axis in p— 1 points and alternately will be found for ,x = 
either an extreme value (order uneven) or a point of intersection 
(order even). 

The constants D are determined in the well-known way by 
evaluating the moments of various orders with respect to the y-axis 
through the origin of coordinates; if we take for this origin the 
value of X corresponding to the arithmetical mean and if we put: 



/: 



a^y d« = (Lin , 

—00 

we tind evidently Z)^ = i on account of jHo being equal to 1 ; further- 
more fLii must be = on account of the choice of the origin, so 
Z)j must be put equal to 0, whilst, if one defines the value of the 
constant h in such a way that 

it is then easy to deduce that also i>, must be 0. 

The expressions (4) and (5) can thus be simplified and they become 

y = h[{^,+D,^,+D,^,...] .... (4«) 
and 

i*;+A^. + A^. (5«) 

The constants />„ D^, etc. can easily be calculated by means of 
the formula (3) where, with a view to this, the above mentioned 
form is given. 

To calculate 2Dn we have namely, to consider the form appearing 
between square brackets in the expression for ^n+\ and to substitute 
in it h^iin for a*'*. 

Our finding in this way 2Dn instead of Dn is due to the same 
reason why Z), must be put equal to {; namely to the form of(l} 
in which the number 2 stands as coefficient. 
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TABLE I. 

Air temperature. Schouwenbank. Frequencies of Daily-means. 



Celsius 


c 


^ 

1 

£ 


ji 

§ 

S 


1 




a; 

c 
a 
•-> 




4-« 

s> 

3 
< 


E 


i 


b 

X) 

E 

1 


1 


— 8°9 to -8°0 
-7.9 -7.0 
-6.9 —6.0 

— 5.cf —5.0 
-4.9 -4.0 
-3.9 —3.0 

— 2.9 -2.0 
-1.9 -1.0 
-0.9 0.0 

0.1 1.0 

1.1 2.0 

2.1 3.0 

3.1 4.0 

4.1 5.0 

5.1 0.0 

6.1 7.0 

7.1 8.0 

8.1 9.0 

9.1 10.0 

10.1 11.0 

11.1 12.0 

12.1 13.0 

13.1 14.0 

14.1 15.0 

15. t 16.0 

16.1 17.0 

17.1 18.0 

18.1 19.0 

19.1 20.0 

20.1 21.0 

21.1 2>.0 

22.1 23.0 

23.1 24.0 


1 

2 

2 

5 

18 

32 

53 

56 

77 

112 

134 

150 

147 

113 

70 

24 

4 




1 

2 

3 

5 

14 

23 

37 

48 

89 

123 

134 

176 

142 

111 

82 

10 


3 

6 

15 

25 

50 

69 

111 

150 

202 

157 

95 

69 

25 

15 

2 

6 


8 

13 

36 

96 

167 

206 

186 

142 

97 

45 

3 

1 


11 

36 

112 

161 

215 

166 

130 

87 

/.6 

32 

4 


4 
3 
3 

19 

71 

165 

180 

218 

160 

94 

57 

19 

7 


8 

27 

85 

170 

275 

•215 

130 

64 

24 

1 

1 


4 

49 

152 

254 

245 

137 

106 

32 

15 

3 

3 


4 

6 

51 

67 

149 

222 

230 

152 

71 

29 

15 

4 


1 
6 

28 

57 

73 

105 

194 

189. 

182 

87 

53 

18 

3 

4 


1 

1 

3 
2 

13 

23 

3() 

45 

55 

81 

131 

158 

158 

167 

86 

41 

4 

1 


1 
1 

3 

7 

10 

27 

21 

27 

39 

85 

77 

101 

163 

163 

122 

91 

48 

14 
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For the values of 0,, ^, • • ^6 Bruns has given tables, so there 
SLve 110 further .difBculties about the calculations which can Ciisily he 
done after some practice. 

We must suffice with this short and for that reavson incomplete 
survey of the method ; for further details we must refer to the above- 
mentioned work, where all questions which may arise are discussed 
extensively. 

3. When applying this method to observations of air-temperature 
it has been assumed that the series need not be continued farther 
than to the third term, so that only asymmetrical (Z),) deviations 
and symmetrical ones (DJ of order one of the simple law are 
regaitied, which, with these kinds of curves not differing much from 
the bell-shape, proves to l>e sufficient. When introducing terms or 
higher order the disadvantage moreover appears that with the evaluation 
of the higher moments the single extreme deviations, therefore in- 
accurately determined, play an unduly important part. As fii-st example 
have been selected the daily-means of the air-temperature, because with 
these frequency -curves their obliquity changes sign along with the 
season and can therefoi'e be regarded as a climatological factor. The 
daily-means are calculated from observations on temperature taken six 
times a day during the years J 882— 1904. 

In Table I the fi^equencies are given from degree to degree, 
calculated at a total of 1000; the number of data amounts of course 
for every month to about: 

23 X 30 = 690 or 23 X 31 = 713. 

The obliquity is immediately evident; in winter we find extreme 
temperatures or negative deviations which are not compensated by 
equally large positive deviations ; in summer we find on the contrary 
important positive deviations not contrasted by negative ones. The 
constants of the curve, namely, the mean temperature M indicating 
the origin of cooMinates, the factor of consistency A and the coeffi- 
cients />, and D^ by which the deviations of the curve from the regular 
bell-shape are determined are found in survey in Table II; the last 
two quantities having reference to ^^ = 1, so that they must still 
be multiplied by 1000 for the calculation of the numbei*s comparable 
to the frequencies of Table I. 
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TABLE II. 

Constants of the frequency-curves. 

Daily-means of air-temperature. 





M 


h 


A 


D, 


January 


3.762 C° 


0.2587 


+ 0.01657 


- 0.00043 


February 


3.842 


0.2773 


-f 0.01059 


+ 0.00048 


March 


5.321 


0.2908 


-f 0.00214 


+ 0.00-213 


April 


7.953 


3738 


4- 00313 


- 0.00115 


May 


14.068 


0.3540 


- 0.00847 


- o.oai66 


June 


14.320 


0.3708 


- 0.00015 


-f 0.00114 


July 


16.871 


0.4442 


- 0.00216 


+ 0.00007 


August 


17.367 


0.4380 


— 0.01170 


— 0.00026 


September 


16.032 


0.3893 


— 00634 


+ 0.0O106 


October 


12.142 


0.3335 


+ 0.00470 


— 0.00002 


November 


8.399 


0.2662 


+ 0.02657 


+ 0.00659 


December 


5.174 


0.2377 


+ 0.02463 


+ 0.00390 



From these results of the calculation it is evident that in contrast 
to most frequency -curves, the D^ deviations from the simple ex- 
ponential law for the frequency-curve of the daily-means of the air- 
temperature are slight and may be regarded as being within the 
limits of the errors of observation. 

In order to investigate how far the calculation agrees with the 
observation, the numbers of Table I for the months of January and 
December are taken together as being the most asymmetrical. The 
numbers obtained in this way are indicated in Table III by 
(observed). 

The constants of these curve are: 

M= 4.469 C° 
h = 0.2403 
J9, = + 0.01764 
j[>^ = + 0.00130 
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TABLE III. 

Analysis of the frequencies Jan. -f- ^^' o^ Table I, 



Co 



0-Q 



C3 



O-Q-C 



Q 



O IC 



1 


0» 

i 

2» 

6 

14 

29» 

37 

41 » 

58 

98* 

i05» 

125* 

155 

138 

96 

57» 

26 

7 





0.1 

0.2 

0.4 

1.4 

3.4 

8.4 

17.5 

32.9 

54.9 

81.5 

108.0 

127.9 

134.9 

127.0 

106.6 

79.7 

53.3 

31.7 

16.9 

8.4 

3.0 

1.2 

0.3 

0.3 

0.1 



S=1000 



10 

— 1 
0.3 
0.6 
1.1 
2.6 
5.6 

12.0 
4.1 

— 13 4 

— 23.5 

— 9.5 

— 22 4 

— 9.4 
28.0 
31.4 
16.3 

4 2 

— 5 7 

— 9.9 

— 8.4 

— 3.0 

— 1.2 

— 0.3 

— 0.3 

— 0.1 

S =214.6 



0.1 

0.2 

0.3 

1.3 

2.5 

4.0 

5.0 

3.7 

0.3 

8.7 

16 

25.2 

11.9 

0.4 

12.6 

18.2 

15.7 

8.2 

0.6 

3.9 

5.0 

3 9 

2.4 

1.2 

0.5 

0.2 



U 

— 0.3 
0.0 

— 0.7 

— 1.4 

— 1.4 
0.6 
8.3 
4.4 

— 4 7 

— 7.5 
15.7 

— 10.5 

— 9.8 
15.4 
13.2 

0.6 

— 4.0 

— 6.3 

— 6 

— 3.4 
0.9 
1.2 
0.9 
0.2 
0.1 

£=118.4 



1 
0.2 
0.3 
0.4 
0.4 
0.1 
0.9 
2.0 
2.5 
1.7 
0.6 
3.1 
4.1 
2.9 
0.5 
1.8 
2 6 
1.9 
08 
1 
0.4 
0.5 
0.3 
0.1 
0.1 



1 




~ 1 

— 2 

— 2 
1 
9 
6 

— 2 

— 6 
15 

— 13 

— li 
13 
13 

2 

— 1 

— 4 

— 5 

— 4 
1 
1 
1 



t = 117 
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In tlie second column is given under (\ (calculated) the distribu- 
tion derived according to the simple exponential law ; in the fourth 
column we find the values of the second lerm in the series having 
Z), as factor; from the third and fourth columns is evident that the 
sum of the differences is lessened bj this term from 215 to 118 a 
thousand. As has been noticed before, the influence of the third term 
with D^ is slight. 

The sum of the differences remains l27o, also after introducing 
this term, which can be called satisfactory considering that the total 
number of observations is not more than : 

2 X 31 X 23 = 1426 

and that the most unfavourable months have been taken as an example. 
In fact, from the regular course of the differences it is evident that 
there might be a possibility of making the differences smaller still 
by addition of a fourth or a fifth term with D^ and Z),. 

For D^ we find the value — 0.00036, from which ensues that of 
by far the greater part the differences are due to incompleteness of 
the material of observation, so that extension of the series would 
avail but little. 

4. As fitting material for a second application of the method to 
meteorological quantities all the observations of temperature liave 
been chosen, taken six times a day in the month of July on the 
same lightship during the years 1882 — 1906. The"number of obser- 
vations is now six times greater than for the daily-means and amounts 
to 4516. 

On account of this greater number the frequency -curve will have 
a more regular shape and the obliquity which was easily discernible 
for the daily-means also for the summer months, will now come 
more clearly to the front. 

The observations are arranged according to the different quarters 
of the wind, so that we obtain (Table IV) frequencies of the so-called 
thermic windrose. On board the lightsTiips the direction of the wind 
is determined in accordance with the indications of the compass; 
for the period 1882 — 1906 we can assume that these observed direc- 
tions of the wind can be reduced to the proper direction by applying 
as correction the mean deviation, — 15°. 
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More clearly than in the numbers of Table IV does the influence 
of the direction of the wind on the temperature show itself in the 
mean temperature M and the factor of consistency h, arranged in 
Table V. 

TABLE V. 



Direction 

of wind 

Magn. 


Number 

of 
observ. 


Mean 
Temp. M, 


h 


N 


349 


13?10 


0.3485 


NNE 


258 


16.33 


0.3478 


NE 


375 


17.50 


0.3477 


ENE 


i9l 


17.61 


0.3561 


t 


185 


17.68 


0.3155 


ESE 


95 


17.53 


3401 


SE 


130 


Mil 


0.3527 


SSE 


77 


17.67 


0.3436 


S 


124 


17.39 


0.3713 


SSW 


125 


17.38 


0.3754 


SW 


337 


17.23 


0.4037 


WSW 


656 


17.08 


0.5124 


W 


585 


17.10 


0.4685 


WNW 


272 


16.32 


0.4391 


NW 


311 


16.27 


0.3512 


NNW 


264 


15 65 


0.3418 


Calm 


182 


18.56 


0.3295 



From this table is evident that in this summermonth by far the 
highest temperatures are observed when there are calms; for the 
rest we have the lowest temperatures with the northerly seawind, 
the highest with a landwind; the transition from NNE (W 7^.5 E 
prop, dir.) to NE (N 30° E prop, dir.) is sharp, much sharper than 
that from SW (N 210' E prop. dir. landwind) to WNW (N 277°.5 
E proper dir. seawind). 

This sharp difference we do not find for the factor of consistency, 
which shows for WSW wind a distinct maximum and for calm a 
minimum. 

The numbers of observations being rather slight for many directions 
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of (he wind, the niiinbers of Table IV have been arranged in 
Table VI to five groups where as much as possible comparable series 
have been added together. 

TABLE VI. 

Frequencies deduced from Table IV. 



NNE 


NE 


ESE 


WSW 


c 



Total 



10.6-11.5 C°. 


2 


— 


2 


— 


— 


4 


11.6-12.5 


21 


1 





1 


— 


23 


12.6-13.5 


86 


8 


6 


2 


— 


102 


13. G— 14.5 


184 


25 


35 


20 


3 


267 


14.6—15.5 


318 


74 


78 


135 


18 


623 


15.6—16.5 


298 


148 


166 


316 


24 


952 


16 6—17.5 


226 


153 


223 


329 


37 


968 


17. C— 18.5 


161 


126 


169 


259 


27 


742 


18.6-195 


83 


91 


99 


419 


27 


419 


19.6--20.5 


40 


61 


57 


41 


18 


217 


20.6—21.5 


18 


38 


24 


11 


7 1 


98 


21.6-22.5 


8 


12 


19 


7 


15 


61 


22.6—23.5 


7 


7 


5 


1 


4 


24 


23.6—24.5 


1 


3 


5 


— 


1 


10 


21.6—25.5 


1 


3 


— 




I 


5 


25.6—26.5 


— 


1 


— 


— 


— 


« 


Sum 


1454 


751 


888 


12 U 


182 

1 


4516 



The comparatively low temperatures for WNW — NNE winds with 
a small factor of consistency (great distribution) in contrast to the 
high temperatures and small distribution for WSW — W winds is 
very clear from this table. 

At tlie same time is evident from these data how the combination 
of series with different mean values decreases the obliquity in the 
total, so that we can expect that the obliquity factor /), will be 
considerably smaller for the total series than Z>„ calculated for the 
various series, which is confirmed by the following table. 
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TABLE VII. 
Constants of the frequency-numbers of Table VI. 



! 





M 


h 


D, 


D, 


WNW-NNE 


16?135 


0.3576 


- 0.01778 


0.00385 


NE-E 


17.589 


0.3428 


— 0.01657 


0.00343 


ESE'SW 


17.4% 


0.3710 


— 0.01540 


0.00477 


WSW W 


17.089 


0.4869 


— 0.01300 


0.00297 


C 


18.555 


0.3295 


— 0.01153 


0.00108 


Total 


16.971 


0.3603 


- 01116 


0.00331 



The (negative) obliquity Z), is therefore strongest for the northerly 
seawinds with low temperature and decreases further regularly with 
the azimuth counted from North through East. The symmetrical 
deviation D^ is greatest for southerly winds and smallest fOr calms. 

TABLE VIII. 
Analysis of the frequencies of Table VI. 






Q 


0-Co C, 


0-Co-C, 


Q 


O^^C 


1 


2.0 


— 1.6 


— 3 5 


1.9 


2.9 


— 1 


5 


8.7 


- 3.7 


— 44 


0.7 


1.0 





23 


27 2 


— 4.2 


— :^.3 


~ 0.9 


— 3.6 


3 


59 


65.5 


- 6.5 


4.5 


— 11.0 


— 88 


- 2 


138 


122,7 


15.1 


15.1 





— 6.1 


6 


211 


178.4 


32.6 


14.7 


17.9 


7.3 


11 


214 


201.2 


12.8 


— 0.5 


13.3 


15.4 


— 2 


1G4 


175.8 


- 11.8 


— 15.3 


3 5 


6.4 


— 3 


93 


119.2 


— 26.2 


-14.5 


~ 11.7 


— 6.5 


- 5 


48 


62 7 


— 14.7 


— 4.0 


— 10.7 


- 8.9 


— 2 


22 


25.5 


— 3.5 


3.6 


— 7.1 


— 3.0 


— 4 


14 


8.1 


5.9 


4.3 


1.6 


1.1 


1 


5 


2.0 


3.0 


2.3 


0.7 


1.7 


— 1 


2 


0.4 


1.6 


0.8 


0.8 


0.8 





1 


0.0 


10 


0.2 


Q.8 


0.3 


1 


S = 1000 1 


£ = 144.2 


S=82.6 


£ = 42 
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Let us remark here that a negative /), refers to the ascending 
slope of the curves on the left being steeper than the descending 
slope on the right and chat a positive sign of D^ means that small 
deviations appear in greater number than would be the case in 
accordance with the simple exponential law. 

In order to show clearly the part played by the various terms 
of the series in the composition of the curve of distribution a 
comparison has been given in table VIII, as in table YI, of the observed 
and calculated frequency-numbers of the last series of table IV; 
the number of observations 4516 has here been reduced in the first 
column under to 1000. 

From this table is evident that if only a great number of 
observations is at hand, the frequency*curve of the air-temperature 
can be very satisfactorily determined by the three constants of the 
series of Bruns, the total of the differences between observation 
and calculation amounting in round numbers to 4 \V 

Anthropology. — "Is red hair a nuance or a variety?'* By Prof. 
L. BOLK. 

Concerning the anthropological importance of red hair the literature 
relating to it contains up till now little more than opinions based 
upon general impressions or suppositions, founded on statistical data, 
which when looked at more closely are open to more or less un- 
favourable criticism. There is in those opinions and suppositions a 
definite main current according to which it is generally assumed 
that a closer affinity of redhairiness exists to what, for the sake of 
brevity, I shall indicate as the blonde race, characterized as to the 
pigmentation by blonde hair and blue eyes. 

The nature of the relation between blonde and red-haired people 
is expressed by Topinard *) as follows : the red-haired type has arisen 
from the blonde type "par une action des milieux". Also Beddoe 
and Ripley, to mention the principal English and the best known 
American anthropologist, assume a closer connection between blonde 
and red hair. Virchow looks upon the subject from a somewhat 
different standpoint, when he says that redhairiness probably arises 
in two manners, viz. by a decrease of pigment in brown hair or an 
increase in blonde hair '). This opinion of Virchow is based upon 

1) Elements d'Anthropologie g^n^rale. Paris 1885 p. 334. 

^) Das jedoch scheiDt mir nicht UDwahrscheinlich zu sein, dass es eine doppelte 
Art von Rothharigkeit giebt, von denen die eine als eine Steigerung des Pigments 
bei den Blonden, die andere als eine Verminderung desselben bei den Braunen 
anzusehen ist. Archiv fQr Anthrop. XVI End. p. 338. 

21 

Proceedings Royal Acad. Amsterdam. Vol. X. 
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his statistics of the extension of redhaired people in Germany. Novir 
it would not be difficult to prove that Virchow was in no way 
entitled to such a conclusion on the ground of his statistics; his 
data were very incomplete and the relations found by him he him- 
self calls "ganz unzutreffend"; I intend to revert to this in another 
place, but would like to examine another side of Virchow's conclusion 
somewhat more closely. For where he says that redhairiness arises, 
either by an increase or by a decrease of the hair-pigraent, this 
implies that in Virchow's opinion redhairiness is the consequence of 
quantitative difference, and that, in other words, this quality is con- 
sequently only a question of gradation. Moreover I do not wish to 
enter into the question whether Virchow has a right to place blonde 
or brown over against each other as primary or pure hair-colours. 
Let it suffice for the present to state that Virchow sees no contiust 
between red and blonde hair, but that the former is only a nuance, 
either of blonde or of brown. I know only one anthropologist who, 
in contradistinction to the great majority, raises his voice against the 
existence of a closer relationship between red and blonde hair, viz. 
Ammon, who m his Anthropology of the Baden population hazards 
the suggestion that the difference between blonde and red hair is 
not founded on a quantitative difference of the pigment, but on a 
qualitative distinction. So Ammon is more inclined to the opinion that 
in redhairiness not a nuance, but a variety renders itself manifest ^). 

In working up my anthropological material concerning the population 
of Holland I have naturally come to the question about the importance 
of redhairiness, and the conclusion at which I have arrived deviates 
from the general opinion. The extension of redhairiness in our country 
causes me to deny every closer relationship with the blonde race. 

Let me begin by pointing out that the composition of our popula- 
tion is very favourable for an answer to this question. A few 
years ago 1 had the pleasure in this meeting to throw light upon 
the main features of the composition of our population from the 
so-called blonde and brown-haired race. And I could then establish 
how the composition of our population differs, if the northern part 
of our country is compared with the southern. The blonde type 
decreases regularly in a southern direction, going hand in hand with 
an increase of mixed types, and though of course in a smaller 
proportion, an increase of the pure brown type. The differences 



^) Die von manchen Anthropologen beliebte Vereinlgung der roten Haare mit 
den blonden, halten wir fiirunzulassig, denn die roten stehen in vielen Fallen den 
braunen naher und sind jedenfalls starker pigmentiert, haben vielleicht ein Pigment 
von anderer Besc haffenheit. Zur Anthropologie der Badener. biz. 129. 
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between the northern and southernmost parts of our country are 
in the end rather considerable, and it is for this very reason that 
our population is so extremely fit to answer a question like this. 
If it should after all be true that redhairiness is more closely related 
to blondness, then the variation in the number of blondes cannot but 
cause a similar change in the number of redhaired people. 

The materials for the following illustration have again been bor- 
rowed from my inquiry made at the time into the distribution of the 
colour of hair and eyes among the population of Dutch schools. On 
the schedules that were distributed for that purpose I distinguished 
four colours of hair : blonde, brown, red and black, and four colours 
of eyes: blue, grey, brown and brownish-green. The total number 
of children examined, amounted, with the exception of the Israelites, 
to 478.976. The total number of redhaired individuals among them 
is 11772, so that there are on an average 2.45Vo redhaired children* 
The figures from whicli tliis proportion has been borrowed, are high 
enougli to consider this as the exact average. 

The first question we shall answer is: in what proportion do 
red-haired persons occur in the different provinces of our country. 
This appears from Table I. Iii the first column is found the total 
number of the children examined in each province, in the last the 
number of red-haired ones among them, also in the proportion 
expressed by the percentage. What appears from this last column? 
Suppose that in round numbers the general average is 25 red-haired 
individuals in 1000 inhabitants, then we see that in four provinces: 
Kriesland, Gelderland, N. Holland and Utrecht the same pi'oportional 
number appears, that there occurs in Z. Holland only one in 1000, 
in Groningen 2 in 1000 and in Overijsel and Limburg 3 in 1000 
less — in N. Brabant 1 and in Drenthe 2 more in 1000 inhabitants. 
These figures difler so little, also from the general average, that we 
are in my opinion fully entitled to conclude that in the provinces 
mentioned the extension of red-haired persons is much the same 
everywhere. 

This slight difierence in the percentage of redhaired persons in our 
country is corroborated by Table II in which the absolute numbers 
and the proportions are mentioned of all the places in our country 
in wliich the number of the children examined was more than 2500. 
It was to be expected that where the absolute numbers are sometimes 
relatively low here, the variation of the percentage would be greater. 
But yet nowhere does the proportion fall below 27© and only once 
a pei'centage of 2.9 is reached as the most favourable proportion. 
Where the absolute figures are high, as in Amsterdam and Rotter- 
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TABLE I. 




Province 


Total 


Blondhaired- 
blue-eyed 


Blackhaired 
brown-eyed 


Redhaired 


Friesland . . . 




33.053 


14.282=43.27, 


566=1. 7 V. 


857=2.50/o 


Groningen . . 






32.223 


13.401=41.3 


446=1.4 


755—2.3 


Drenthe . ... 






15.169 
41.389 
46.786 


5.959=39.4 
14.713-35.5 
16 078=34 4 


205=1.3 

689=1.6 

1340—2.8 


422=2.7 


Overijsel . . . 




919=2.2 


Gelderland . . 




1198=2.5 


Zuid Holland . 






108.073 


33.C4^— 31 4 


2.712—2.5 


2640—2.4 


Noord Holland 






97.050 


30.291=31.2 


1791=1.8 


2472=2.5 


Utrecht . . . 






22.017 
20.9SG 
4'. 155 


, 6.026=30.1 

! 5.707=28.4 

9.173=22.3 


528=2.4 

834=4.1 

1061=4.- 


545=2.5 


Zeeland . . . 




395=1.8 • 


Noord Brabant 




1072=2.6 


LimbtirfiT . 






21.902 


4.790=21 8 

TABLE IL 


1013-4.7 


497=2.2 


&i«llllt/Ul & • • • 










Municipality 


1 1 1 

1 Total 1 Redhaired 1 Percent. 

'' 1 i 




the Hague. 


' 13.184 1 276 1 2.01 

1 1 






Enschede . 


3. 067 ' 77 i 2.i 

1 ' 






Maastricht. 


3.812 1 86 


2.2 






Utrecht. . 


8.668 1 205 


2.3 






Haarlem . 


9.908 


229 


2.3 






Hengelo. . 


2.876 


68 


2.3 






Rotterdam. 


25.828 


647 


2.5 






Amsterdam 


44.118 


1164 


2.6 






Dordrecht . 


4.586 


123 


2.6 






Zwolle . . 


3.618 


101 


2.7 






Deventer . 


3.754 


105 


2.7 






Leeuwarden 


3.562 


102 


2.8 






Leiden . . 


5.648 


161 


2.8 






Gouda . . 


3.640 102 


2.8 






Groningen. 


5.039 


142 


2.8 






Ar 


nh 


em. . 


6.269 




179 


2.9 
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dain» the general figure of proportion, which has been found, reappears 
again. 

Thus far 1 have left one province out of consideration, Zeeland. 
There is no denying that this province takes up a place somewhat 
separated from the others, since here thenumber of redhaired persons 
falls suddenly to 1.8V,,. This contrast with the other provinces is too 
great not to see hei*e the influence of a definite cause. Yet this decrease 
in redhairiness in Zeeland, as will be proved higher up, cannot be 
attributed to' a rise in the number of brunettes, which really occurs 
here, for N. Brabant, which is no less brunette than Zeeland, does 
not show this decrease. I will notenter into the cause of this decrease, 
I only wish to point out that already repeatedly both by Belgian 
and Dutch investigators attention has been drawn to the fact that 
from an anthropological point of view our Zeeland population takes 
up quite a peculiar place among the inhabitants of our country. It 
seems to me that this opinion is corroborated by the proportion 
found for the redhaired persons. 

This much concerning the extension of redhaired persons in our 
country in general. The general conclusion to which we come, may be 
expressed thus, that with the exception of Zeeland this extension is a 
very regular one all through the country. This fact was really contrary 
to my expectation, as I myself, when beginning to work up my. 
data, held the general opinion that there was a closer relationship 
between redhairiness and blondness. So I expected that, where in 
our country the blonde type varies so strongly, the influence of this 
would also come forth in the variation of redhairiness. Let us now, 
in order to prove the independence of the two phenomena, pay some 
more attention to Table I. For through this table we also get an 
insight into the decrease of the blonde and the increase of the brunette 
race, in a direction from North to South. As I said before, I dis- 
tinguished on the schedules sent round four colours of hair and 
four of the eyes, making together 16 combinations. Of these combi- 
nations there are two which are really characteristical for the i-ace, 
namely the combination blonde hair and blue eyes for the blonde 
race and the combination black hair and brown eyes for the brunette 
race. The other 14 combinations may be considered as mixed foi*ms 
between the two races. Now, in order to keep the foundation of my 
reasoning as pure as possible, I have inserted in Table I only these 
two combinations to mutually compare them. 

In the third column we find the number and percentage of blond- 
haired blue-eyed individuals in the different provinces. Now it appears 
that the number of pui'e blondes decreases very regularly from North 
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to South. The number is greatest in Friesland, viz. 43.87o) smallest 
in Limburg 21.87o, so reduced to half of the number for Friesland. 
The fourth column affords a survey of the increase of pure brunettes. 
Herein Drente shows the smallest number, 1.3 7o> Limburg the 
greatest 4.67o- The figures in this column point to a distinct increase 
in a southern direction. From this table something else appears that 
is important for the characterisation of red hairiness. If namely the per- 
centages of the "pure" types are added up, so the blondes and the 
brunettes, this gives for Friesland a total of 44.97«, for Limburg 
only 26.47o» while between these two numbers those of the other 
provinces are regularly grouped. So the number of mixed types is 
in the south of our country nearly 207© higher than in the north. 
As a general result we may state a decrease of the pure blondes, 
an increase of the pure brunettes and the mixed types in a southern 
direction. 

And notwithstanding in Friesland twice as many pure blondes are 
found as in Limburg, a change in the number of redhaired individ- 
uals is not perceptible. Therefore I think I am entitled to deny 
the existence of any relation between the two phenomena on the 
ground of the figures found. But my table also induces me to reject 
the opinion which is sometimes given, that redhairiness should be 
a consequence of a crossing between a blonde and a brunette indi- 
vidual. If this were the case, an increase might be expected of the 
number of redhaired persons in a southern direction in connection 
with the increase of mixed types. 

Have I therefore to deny relationship between the blonde and the 
redhaired type on the ground of the data mentioned, a still stronger 
proof for this is afforded by another fact, which I had expected as 
little as the others which have been explained. It is namely the 
extension of redhairiness among the Jewish school-population. The 
total number of Jewish children examined at Amsterdam, the Hague 
and Rotterdam amounted to 9.155. Of these 228 were redhaired, 
i.e. 2.47 ", 0, whilst for the not Jewish population a proportion of 
2.45 7o ^^ ^^^^ found. The agreement between the two figures is 
surprising and the importance of the fact for the question put by us, 
shows itself clearly, when I point out the fact that pure blondes i.e. 
blondhaired blue-eyed Jews occur only in a proportion of 8.2 7o 
pure brunettes, i. e. black-haired brown-eyed in 18.1 7o- From this 
it proceeds that in our country among the Jewish schoolpopulation 
with 8.2 7d pure blondes, thereoccur as many redhaired persons as in 
Friesland with 43.2 7o pure Wondes. A stronger proof that there is no 
direct relation between redhairiness and blondness cannot be desired. 
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Thus far we examined redhairiness with regard to the increase 
or decrease of the number of blondes among our population, and we 
came to the conclusion that the two phenomena are independent of 
each other. We can now look upon the phenomena from another 
point of view. If it were true that redhairiness showed a preference 
for the blond race, the consequence of this must needs be that among 
the children who, as to pigmentation, belong to the blonde race, ac- 
cordingly such as have blue or grey eyes, there are more redhaired 
individuals than among those with brown or brownishgreen eyes. 

How far this is true is shown by Table III. 

TABLE III. 



Colour of 
eyes. 


Total 


Blondhaired 


Brown 


Black 


Red 


Blue . . . 


186.033 


83.340/0 


1i.81o/o 


2.380/0 


2.470/0 


Grey . . . 


152.072 


79.67 


U.66 


3.06 


2.63 


Brownish- 
green 


58.531 


60.68 


28.64 


8.— 


2.55 


Brown . . 


82.338 


45.05 


38.61 


14.28 


2.03 



The first column mentions the total number of children with one 
of the four different iris-colours, and in the four following columns 
we find consecutively the percentage of the combination of the iris- 
colour with one of the four haircolours. Phenomena make them- 
selves manifest therein, which were to be expected beforehand. Of 
the blue-eyed individuals for example, 83 7o have blonde hair, of the 
brown-eyed only 45 7© ; o^ the other hand the number of brown- 
haired persons with the last is more than three times as large as' 
with the blue-eyed, and a relatively still stronger rise is found with 
the blackhaired. Genorally speaking, it appears that with an increase 
of the pigmentation of the iris also the pigmentation of the hair 
increases. This holds good for blonde, brown and black hair. But in 
contradistinction to this there appears to be no relation between the 
degi*ee of pigmentation of the iris and the hair with redhaired in- 
dividuals. For of the blue-eyed 2.47 7o are redhaired, of the grey- 
eyed 2.63 7o> ^f ♦he brownish-green-eyed 2.55 7o and of the brown- 
eyed 2.03 7o- It is true, this last figure is the lowest, but it seems 
to me that the difference is not so great that therein the proof may 
be seen that redhairiness shows less relationship to the brunette race. 
Moreover, this opinion could directly be refuted by the fact that I 
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find a somewhat lower percentage of i^haired individuals among 
the blue-eyed children than with the grey or brownish-greeneyed. 

Red hair is therefore a quality altogether independent of the degree 
of pigmentation of the iris. No matter from what side we look 
upon the redhairiness with regard to the other phenomena of pig- 
mentation of hair or eyes, there is — at least on the score of my 
researches -- not a single proportion to be alleged on behalf of the 
opinion that redhairiness should by preference occur in the blonde 
race. So I cannot but reject as incorrect the opinion of those who, 
reducing i*edhairiness to a quantitative difference of pigment, see in 
it nothing but a nuance. And these results of our investigation 
naturally lead to considering red hair as a variety, in which the 
pigment is qualitatively different from that in blonde and black hair. 
Between these two last there is properly speaking no real difference; 
gradually, through numerous shades, flax-blonde hair passes into 
iet-black, by an increase of the quantity of pigment; also in red hair 
a great number of shades can be distinguished ; in proportion to the 
quantity of pigment the colour varies between gold-blonde and 
fiery red. 

How is the appearance and the regular extension of redhaired 
individuals among, our population to be accounted for? It need 
hardly be said that, on the gro'uul of the proportions found, I am 
not entitled to give any explanation. For this purpose anthropological 
researches of another nature would be necessary. Only for the sake 
of completeness I mention the opinion of Topinard, who explains 
redhairiness from a former mixing with an originally redhaired race, 
which in pre-historic times is said to have inhabited the plains of 
Russia, Siberia and Turkistan and of which one of the groups of 
the Finnish population (the liCtts and the Esths) are said to be the 
purest descendants ^). 



\ 



1) L*histoire de cette race est k faire. Jusqu'i nouvel ordre j'admets qu'elle a 
occup6 le sol de la Russie aux epoques pr^hisloriques, anl^rieurement k Tinvasion 
des Asiatiques, r^pondant a Tun des deux types finnois actuels, je n'ose dire de 
celui qui a apporte la langue du Kalevala. Elle est repr^sent^ dans la plupart 
des kourgans anciens de la Russie. Le type ea est signals dans les annates dea 
Han ant^rieurement k T^re chr^tienne en Sib^rie et dans le Turkestan Ghinois. — 
£l^ents d*Anthrop. g4n6ra1e. p. 334. 



(November 28, 1907)- 

Google 



Digitized by ^ 



( 329 ) 

ERRATA. 

Proceedings of the meeting of September 1907. 

p. 229 1. 1 and p. 230 1. 7 from the bottom : for p. 1 read p. 215 

Proceedings of the meeting of March 1907. 

p. 788 I. 6 from the bottom: for 1.299 <t< 1.040 

read 1 .299 > t > 1 .040 

,. „ 1. 5 „ „ „ for 1.040<T<1 

read 1.040>t>1 

„ „ 1. 19 „ „ „ for "becomes" read "comes" 

„ „ 1. 18 „ „ „ for "united" read "unite" 
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KONINKLIJKE AKADEMIE VAN WETENSCHAITEN 
TE AMSTEEDAM. 



PROCEEDINGS OF THE MEETING 
of Saturday November 30, 1907. 



(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 
Afdeeling van Zaterdag 30 November 1907, Dl. XVI). 



oo2sra?B2srTs. 



G. VAN RiJNBBRK : 'On thc segmental skin-inncrvation by the sympathetic nervous system in 
vertebrates, baited on experimental researches about the innervation of the pigment-cells in flat 
fishes and of the pilo-motor muscles in cats". (Communicated by Prof. C. Wivkler), p. 332. 

U. Kamkrlikoh Onkbs and J. Clat: '^Some remarks on the expansion of platinum at low 
temperatures", p. 342. 

J. W. Lanoslaak: ^On the development of the Corpus callosum in the human brain". 
(Communicated by Frof. T. Place), p. 344. (With one plate) 

W. Kapteyn: "On an infinite product, represented by a definite integral", p. 347. 

P. Zeeman: "Magnetic revolution of spectral lines and magnetic force", (2nd part), p. 351. 
(With 2 plates). 

Mr. and Mrs. Docters van Leeuwek-Keynvaak : "On a double reduction of the number 
of chromosomes during the formation of the sexual cells and on a subsequent double fertilisation 
in some species of Polytrichum". (Communicated by Prof. F. A. F. C. Went), p. 359. ' 

Erratum, p. 366. 
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Physiology. — *'0n the segmental skin-innenation by the sym- 
pathetic nervous system in vertebrates, based on experimenUil 
researches about the innervation of the jjigment-cells in fiat 
fishes and of the pilo-motor muscles in cats.'' By Dr. G. van 
RiJNBERK. (Communicated by Prof. C. Winkler.) 

(Communicated in the meeting of October 26, 1907.) 

We possess numerous, though dispersed, data, obtained either by 
means of experiments on animals or founded on clinical observations, 
tending all to confirm the opinion, that in vertebrates and in man, 
the efferent nervefibres, intended for the skin, which are conducted by 
the grey connecting branches from the lateral column of tlie N. 
sympathicus towards the mixed spinal nerves, are distributed within 
the area of the skin that is supplied with afferent fibres by the 
spinal nerve. As moreover, in general, save slight deviations, the 
efferent sympathetic fibres of the grey connecting branches have 
their origin in the ganglia of the column in which these branches 
apparently originate, we may assume that the zones of the skin, 
innervated by the gangha of the sympathetic column are nearly 
identical in their distribution with the zones of the skin, supplied 
by the different corresponding spinal ganglia. Less numerous are 
the data about th« relative extent of the sympathetic and s|)inal 
zones of the skin; but indirect indications apparently support the 
view that the zones of the skin innervated by the spinal gangiia 
are more extensive than the zones of the different corresponding 
sympathetic ganglia. With this reservation however we apparently 
may hold it very probable, that the innervation of the skin both by 
the sympathetic and by the spinal ganglia is taking place according 
to the self-same morphological scheme. Hitherto nevertheless no 
direct proofs have been given by demonstrating on the self-same 
object the relative distribution and extent of these innervation-areas. 
It has been my purpose to do this now by means of a few simple 
experiments. 

A. The sympathetic innervation of the piyment-cells and the 
spinal innervation for sensibility of the skin in flat fishes. 

Since the elaborate researches of G. Pouchkt ^) we know that in 
several species of fishes the phenomenon of the variability of colouring 



G. PouGHET. Des changemenls de coloration sous TinHuence des nerfs. — 
Journal de I'anatomie et de la physiologie. Tome 12 p. 1—90, and p. 113-165, 
Parijs 1876. 
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in the skin is directly influenced by the jsympathetic nervous system. 
If in a turbot the connecting branches of some sj)inal nerves or 
these nerves themselves, in that upward turned half of the body 
containing the eyes, are cut through, there appears on the skin a 
more or less sharply defined dark zone. Pouchkt (considered this 
phenomenon to be caused by a paralysis of the pigment-cells in 
consequence of the section of the nerves, and he called the dark 
zones appearing after section, "paralytic" zones. He made however 
no further researches as to the significance of these zones, when 
considered as innervation-areas of sympathetic ganglia, and since, 
to my knowledge, nobody has taken up again these yet so extremely 
interesting reseai*ches. I have done so at the present time, and added 
unto this a comparative investigation about the sensible innervation 
of the skin. 

For objects I got numerous specimens of Solea (impar, vulgaris, 
monochir) and Rhomboidichthys (mancus sen podas). This latter 
species in particular, and likewise Solea impar, have furnished mo 
with excellent results, and the more detailed demonstration is prin- 
cipally based on experiments made on these animals. The operative 
part of these experiments was very simple. By a longitudinal incision, 
cleaving skin and muscles, and passing along the lateral line of the 
organ of sense in the ventral portion of the skin of the caudal part 
of the pigmented half of the body bearing the eyes, the origins of 
a few haemal vertebral spinous processes were laid bare and the 

cr. 



Fig. 1. 
Scheme of course and distribution of the main trunks of the spinal nerves in 
the caudal portion of the Pleuronectidi (taken from a preparation of Rhombus 
laevis), 1, body of vertebra, 2, neutral spinous process, 8, haemal spinous process, 
4'cZ, 4"d, 4'?;, 4"r, thsl and second longitudinal septum of the dorsal and ventral 
muscles, — cr, ca, cranial and caudal boundaries of the preparation. — r.c/., r,m.y 
r.c, ramus dorsalis, mcdius and venlralis of tlie spinal lurvcs — r.c.d.j r.s., ramus 
coniunican.s and ramus spinusus of Ihr »lui sal norve-lnnikj?. — r.c.s., left sympathetic 
connecting brancli. 

22* 
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ventral branches of the spinal nerves were sought. In most cases 
these were caught up and torn off together with the connecting 
branches of the N. sympatbicus. 

In all cases the 'visible consequence of these operations consisted 
constantly in the appearance on the skin of a more or less sharply 
defined dark field, i. e. darker than the surrounding skin. Distribution 
and extent of these dark fields were dependent on the place in the 
segmental arrangement of the sectioned nerves and on their number. 
The shape of these fields was always identical, being that of a band, 
beginning in the dorsal marginal fin, going somewhat obliquely 
cranial ward to the lateral line of the organ of sense, and thence 
somewhat obliquely caudal ward towards the ventral marginal fin, 
wherein it terminated. Thus much for the shape and the general 
distribution of these zones. As regards their extent, the following 
may be stated. After destroying the connecting branch of one single 
spinal nerve I never observed any plainly visible change in the 
colouring 6f the skin. After destroying the connecting branches of 
two consecutive nerves, usually a narrow, not very dark zone was 
observed, that might be not easily defined. Only when three conse- 
cutive branches were destroyed, there appeared a plainly visible, 
sharply defined dark zone. 




,,.,,,;.;7/^^^'--'^ 








Fig. 2. 1) 

Rhomboidichthys mancuSy dark zone appearing after cuUing through three 

spinal nerves and the sympathetic connecting branches. 

If more than three branches were destroyed, there was foiind a 
dark zone, identical as to shape and position, only broader. If after 
a first section of viz. three branches, still another couple of branches, 

1) This figure and fig. 3, 4, 6, 7, <S, 9 are reproductions of photographies 
counterdrawn in outline. 
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lying next to these first ones either emnially or eaudally, were 
destroyed, the originally observed dark zone was afterwards con- 
stantly found uniformly broadened, either the cranial boundary being 
removed cranialward or the caudal boundary being removed caudal- 
ward, according to the case. By these means a series of indications 
was furnished, tending to prove that the skin-areas supplied with 
pigmento-motor fibres by each connecting branch or by the ganglia 
of the sympathetic column, are themselves likewise uninterrupted, 
zone-shaped fields. Still further data on this subject were obtained 
in the following manner. 



>."^nV'^ 




Fig. 3. 

Solea impar. Isolation of four spinal nerves between four nerves cut through 

craniaily and four other ones cut through eaudally of them. 



.^" 



^- 



'^*^^.. '^ 




Fig. 4. 
Another solea, on which a similar operation had been made. 

If a few, viz. four connecting branches were destroyed, and again 
also four other ones craniaily or eaudally from these, leaving intact 
e.g. four branches between the two, two dark zones appeared of about 
equal breadth, enclosing between them a somewhat broader zone of 
lighter colouring, corresponding to the uninjured branches. (Fig. 3 
and 4). By means of similar experiments the supposition that the 
ganglia of the sympathetic column innervate zone-shaped skin-areas 
becomes nearly a certainty. Some results too were obtained as to 
the extent of these areas. Comparative calculations, as shown before, 
starting from measurements of the darker and lighter zones, made 
with as much accuracy as was possible, have shown that the cranial- 
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caudalward broiuHli of a skin-area iniiorvatod Uy a ganglion of the 
sympatlielic column, havinjj; an aveia<»e lenj»'tli of 20 cm. may be 
approximated at 7 mm., and tliat tlie areas overlap one another 
somewhat more than half. 

The foregoing having been dnly stated, a comparison between 
the scheme of the spinal and that of the sympathetic innervation of 
tlie skin lay very near indeed. Once the ventral (and dorsal) branches 
of a couple of spinal nerves having been cut through together with 
the sympathetic connecting branches, it is easy enough to define the 
extent and the distribution of the insensible zone of the skin resulting 
from this operation, and to establish a comparison between these 
and those of the dark zone. In order to facilitate this definition, I 
augmented the irritability for reflex actions in. the animals by 
intoxicating them with a small quantity of a solution of the sulphuric 
salt of strychnia in sea- water (1 : 10.000). After this a slight scratching 
of the skin by means of a pin's point was suilicient. to produce a 
plainly visible general reaction, making it possible' to define the 
boundaries between the sensible and insensible areas with great 
precision. 1 found the results of a series of experiments to be nearly 
invariable, so that I may communicate them here with sufticient 
certainty. 

Generally then the anaesthetic areas and the dark zones, observed 
after the section of spinal nerves and their corresponding sympathetic 
connecting branches are found to accord completely as regards their 
extent, distribution and arrangement. Consequently the pigraento-motor 
symj)athetic fibres, originating in a certain ganglion of the N.syrapa- 
thicus and ils connecting branch, are distributed precisely within 
that area of the skin that is supplied with sensory fibres by the 
corresponding S|)inai ganglion. Botli schemes therefore cover one 
another completely, and the above given particulars about the inner- 
vation of the pigment-cells, holds good likewise for the sensory 
innervation of the skin. Thus the central innervation of the skin in 
Pleurouectidae is divided into a series of segmental areas, which 
considered in their functional significance, may be distinguished in 
sensory and pigniento-motor skin segments, but according completely 
as regards their distribution and extent. 

J3. The sympathetic innervation of the pilo-motor muscles and 
the spinal sensory innervation of the skin in cats. 

The well-known researches of Langley (1893) ^) have shown that 

n J. N. Langley. — Preliminary account of the arrangement of the sympathetic 
nervous system, based chiefly on observations upon pilomotor nerves. Proceedings 
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the sympathetic nerve-fibres, intended for the pilo-inotor muscles of 
the skin of the trunk in cats, originate in the series of "fanglia of 
the column- of the N. sympathicus, that they are conducted along 
the grey connecting branches towards the relative corresponding 
spinal nerves, thence following the primary dorsal nerve-trunks and 
the (dorsal) skin branches of these, to terminate in the pilo-motor 
muscles of the dorsal portion of the skin. Besides he has demonstrated 
that by far the greater number of the nerve-fibres, originating in 
the sympathetic ganglion, the "pilo-motor" nerves as he called them 
were conducted along the selfsame grey connecting branch towards 
the one spinal nerve segmen tally corresponding with it, and that 
along the dorsal skin-branch or branches of this nerve, they jointly 
reach the skin, where they are distributed within one uninterrupted 
area, that may be sharply defined. He found further more, that these 
skin-areas, supplied with pilo-motor nerve-fibres by the series of 
sympathetic ganglia form a regular series, arranged on both sides of 
the mid-dorsal line of the body. As regards the relation between 
the innervation of the skin by fibres for the pilo-motor muscles 
from the sympathetic ganglia, and the innervafion by sensory fibres 
from the spinal ganglia, he confined himself to comparing the arran- 
gement of the pilo-motor skin-areas innervated by the sympathetic 
ganglia with the results of the researches made by Turck and 
Shrrrington about the spinal innervation in the dog and the monkey. 
Direct comparisons between the sensory and the pilo-motor inner- 
vation of the skin were not made by him. These have been made 
recently by me. 

The way in which to do this was clearly indicated. At present, 
especially after the anatomical studies of Bolk on man, we may 
take it for granted, that there does not occur an interchange of 
nerve-fibres destined for the skin between the spinal nerves in the 
trunk-area in mammalia. Consequently the serially arranged skin- 
branches of the dorsal portion of the body represent separately the 
different spinal and sympathetic nerve-fibres intended for the dorsal 
portion of the skin of the trunk from the spinal nerves and sympa- 
thetic connecting branches in which they originate. In order therefore 
to obtain a knowledge of the innervation of the dorsal skin-portion 
relatively by the spinal and by the sympathetic ganglia, it is sufficient 
to define separately and then to compare the different areas of dis- 



of the R. Society of London, vol. 52, n^ 3:20, p. 547— 556 Februari 1893. Loudon. 
J. N. LAN0LE7. The arrangement of the sympathetic nervous system based cliietly 
upon pilomotor nerves. Journal of Physiology (Foster) vol. 15 n*. 3 p. 17t)— 244. 
1893. Cambridge. 
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tribiition of tlio pilo-motor and of the sensorv fibres having their 
course in tlie dorsal nerve-brani'lies of the nkin. This may l>e done 
in a very simple way. 




Fig. 6. 

Scheme of the course of the (post ganglionic) pilomotor- and of the sensory 

nerve-fibres toward the skin of the trunk-area in cats. 

M.S. = medulla spinalis. — r,d r.r = dorsal and ventral root. — N.S. = mixed 
spinal nerve. — dp,d,'d.p.v. = dorsal and ventral trunk of the spinal nerve.. — 
j'.e.d, = dorsal ramus culaneus. — CL. = lateral column of the N. Sympathicus. — 
gsp.-g.si. = ganglion spinale, sympathic ganglion. — rx, = grey connecting branch 
define the course of the spinal sensible fibres .... that of the pilo- 
motor fibres. 

I obtained this scheme by defining first by means of Sherrington's 
method of isolation the surface of the sensible area innervated by a 
certain skin-branch and next by the stimulus of an induced current 
applied to the same branch, causing the surface of the skin-area, 
innervated by the pilomotor fibres from this branch, to become visible. 
In order to do so, the hair on the trunk of the cats I made use 
of, were first cut uniformly by means of a so-called tondeuse to a 
length of about half a c.M. Afterwards, under naix^tics and with 
aseptic precautions (as far as possible, the skin not being shorn) a 
longitudinal incision was made in the skin along the mid-doi'sal 
line, and the skin was folded back to both sides. The connective 
tissue having been prepared the series of dorsal skin-nerves was in 
most eases pretty plainly distinguishable, and it was very easy to 
choose a definite branch for isolating and to section the three branches 
lying next to this one both cranialward and caudalward, either after 
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having loosened them from the adjacej>t hhxxl-vessels that mostly 
follow the same course, or else together wilh the bloodvessels 
between a double ligature. The skin was then skitehed and the 
animal was allow^ a few days quiet. After this the sensible and 
the insensible areas to be found in the skin were defined and their 
boundaries carefully indicated by means of coloured demarcation- 
lines. Finally the animal was again brought under narcosis, the 
incision in the skin was reopened and the isolated nerves were laid 
bare and stimulated. The area-field, on which the hair was rising, 
was demai'cated by another colour. 




Fig. 6. 
Pilomotor area of the 7ti» thoracal nerve. 




Fig. 7. 
Pilomotor area of the 8^^ thoracal nerve in the same cat. 

As regards the pilomoter nerves I can be short, as I have hardly 
anything to add to the very accurate communications of Langley 
on this subject. Like him I found in my experiments that the 
areas in which during the irritation of different skin-branches 
and on different animals the hair rose, showed rather important 
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differences, both as to their extent, shape and honndaries and as to 
the intensity of the phenomenon itself. Usually Ihe finld, in which 
the hair rose, was nearly rectangulai*, and save for a slight 
deviation caudal-ward, it was lying vertically on the mid-dorsal line. 
In the most successful experiments the pilo-motor areas extended nearly 
unto the dorsal axilla-inguinal line over a dorso-ventral surface of 
almost 60 ra.M. The cranio-caudal breadth amounted on the average 
to 26 m.M. For an instance of the proportions of the pilomotor 
areas in an exceptionally favourable case I refer to the photographs 
represented in fig. 6 and 7. 

The isolated sensible areas usually presented a shape not greatly 
different from that of the pilomotor areas described above. Like these 
they were generally nearly rectangular, lying almost vertically on the 
mid-dorsal line, and they showed likewise a slight deviation caudal- 
ward, perhaps even somewhat more marked. Cranially and caudally 
they were bounded by the insensible areas; ventrally they passed 
without any distinct boundaries into the lateral part of the body, 
where sensibility was retained wholly intact. The cranio-caudal 
breadth of the sensible areas was on the average 30 m.M., their 
dorso-ventral extent of course was not to be defined ; that of the 
insensible areas was on the average 60 m.M. 

We may now pass on to a comparison between the sensible and 
the pilomotor skin-areas. On • account of what I remarked before 
about the variability both as to shape and extent of these latter ones, 
it may be inferred already that the results of this comparison presented 
likewise great differences. On one important point however the results 
of all my experiments are in accord ; the pilomotor skin-area was 
alwciys to be found within the sensible area of the isolated nerve- 
branch. In this respect the principal problem I had put before me 
in all my experiments, may be considered to have been solved, at 
least for that portion of the skin of the trunk on which I made my 
experiments. As regards further the relative extent of the sensible 
and of the pilomotor skin-areas, and the exact situation of the latter 
Nvithin the former, I found, as remarked before, great differences. 
Sometimes the pilomotor field area had an extent nearly equal to 
that of the sensible field, both fields being consequently almost 
identical. In the majority of cases however the pilomotor skin-area 
was less extensive in all directions than the sensible area. The place, 
occupied by the pilomotor field within the sensible field differed 
greatly in different cases. Generally it was lying almost in the midst 
of it, as is shown in the cats, photographies of which ai'e represented 
in fig. 8 and 9. 
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Fig. 8. • 
Silualion of llie pilomotor skin-area (white) within Iho sensible area nearly 
isolated by insensible areas (hatched Iransversally). 




Fig. 9. 
The same in another cat. 

In another case however it lay nearer to the (*ranial or candai 
boundary of tlie sensible area, I have not been able to state a definite 
rule in this respect. 

Reinrning now to the principal problem aimed at by my researches, 
we lind that from the above statements it has become evident that 
the pilomotor nerve-fibres and the sensory fibres having their course 
in the dorsal skin-branches of the skin of the trunk in cats, are 
distributed within areas of the skin that are in accordance as to 
situation and arrangement but not as regards their extent. Thence 
it follows that the sympathetic ganglia and the spinal ganglia inner- 
vate the skin after the same scheme, and although the relations in 
cats are less simple tlian those found in flat fishes, still I believe 
that liere likewise the scheme of the pilomotor innervation of the 
skin by means of the marginal column of tlie sympathetic nervous 
system may be called a ^'segmental" scheme. 
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Physics. — ''Some remarks on the expmuion of platinum at loin 
temperatures''. By Prof. H. Kambrlingh Onnes and J. Clay. 
Supplement N". 17 to the Communications from the Physical 
Laboratory at Leiden. 

(Communicated in the meeting of September 28, 1907). 

The communication from the "Physikalisch-technische Reichsanstalt'* 
by K. ScHEEL in the meeting of Jan. 11, 1907 of the ''Deutsche 
physikalische Gesellschaft" led us to make a remark already 
in the Meeting of June 29, 1907 (These Proc. Sept. 1907 p. 200). 
In Communication N\ 95* (These Proc. Sept. '06 p. 199) we had 
given a quadratic formula for the expansion of platinum below (fy 
from which followed that, as was remarked in the Introduction of 
that Communication, a formula of the third d^ree is required if we 
wish to represent the expansion of platinum from — 180®to+l(X)^ 
by one polynomial with increasing powers of ^ and if we have to 
deal with observations which if repeated a sufficient number of 
times, allow us to reach an accuracy (comp. § 1 of Comm. N*. 85, 
June '03, These Proc. April '05) of Vioo ^^ the expansion. We found 
this confirmed by the measurements of Scheel, who arrived at the 
same result by determining a quadratic formula for the expansion 
of platinum above 0®, and by measuring the length at — 190°. 

We now consider the striking difference of the expansion at low 
temperatures according to the formula given by us, and that according 
to Scheel's formula, viz. : 43 fi for the expansion of a bar of 1 meter 
between — 183° and +16"*, (cf. Scheel loc. cit. p. 19, note 1), a 
difference much greater than could be accounted for by the inaccuracy 
of the observations. 

For an explanation of this discrepancy we call attention to the 
difference of the observations of Dec. 16 1904 and Febr. 3, 1905 
in Table II of Comm. N\ 95*, which give as length of the platinum 
bar provided with the two glass extremities, at 16''*) before it had 
ever been reduced to low temperature, 1027.460 m.m., and a long 
time after it had been reduced to low temperature for the last time, 
1027.457 m.m., mean 1027.458 m.m., with that of Dec.l9, 21 and 
23 in the same table which yield the mean value 1027.441 mm. 
(from 1027.441, 1027.442 and 1027.440) for the length at 16^ 
which was observed on return to the ordinary temperature a day after 



1) In Table II of this communication under jLig° for the ordinary temperatures 
tlie length of the bar at 16° reduced on the measuring rod at 16" has been 
given and not the length at S as in the tables of Comm. N^. 85. 
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the cooling. Indeed this former mean value is 17 ii larger than the lalter. 

Now this difference of 17 f*, which refers to a bar of platinum 
of 840 mm. (for a bar of J M. it would be 20 a) exceeds the 
errors which may be ascribed to the inaccuracy of the observation 
by about half the difference which exists between Scheel's formula 
and our formula of June 1906. 

As basis for the calculation of our formula the mean \ of the 
two lengths has been taken. We arrive at values for the expansion 
nearer lo those of Scheel when for the length at the ordinary tem- 
perature we take that which was found immediately after cooling, 
instead of the mean of this length aiid the length which was found 
long before and after the cooling, as was done in the calculation 
of our formula of June 1907. If w^ now make use of the first- 
mentioned length, that which was found immediately after cooling, 
in order to find the coefficients now distinguished by {a) and (h) 
from the former a and b in the formula: 

'' = ''0 + !<">(lSo) + <"(T5o)'t'»-) 



we find : 



Platinum 
(— 183° to + 16^) 



(a) 877.7 i Kamerlingh Onnes 

(b) 36.71 and Clay (1905) 

whereas 



W^1.6| SCHKEL(1906) 

It is true that the now remaining difference of 34 fi per M. with 
an expansion of ~ 183' to + 16° remains considerably larger than 
the accuracy of the observations would lead us to expect, but it is 
considerably smaller than that found originally, and taking into 
consideration the different sources of uncertainty whether we observe 
really what we think we observe, the small number of measurements, 
and the difference of the methods applied at low temperatures for 
the first time, it is not great. 

We had hoped to obtain further information on the difference in 
length of our bar at ordinary temperature immediately after the 
cooling and long after it, but have not yet been able to do so. 

Differences as the one discussed now have more occurred in our 
measurements. We have pointed this out in Comm. N*. 95* and 



1) In the calculations for the glass the values of the length immediately after 
the cooling, Dec. 23 in Table I, and April 15 and 16 in Table III, have been left 
out of account in connection with the further observations. 
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for glass we have expressly in\estigated the possibility of thermical 
hysteresis on cooling to the lowest temperatures. In connection with 
what has been said in Conim. N". 95^ we fear that for the above 
treated difference an irregularity in the behaviour of the place of 
fusion of the glass points to the platinum bar has played a part, to 
prevent which further experiments ought to be made with still 
greater care. If w-hat we now think probable, is verified, observations 
in which a difference as the one considered just now, manifests itself, 
should be rejected. 

Besides the formula of the second degree for temperatures below 
0^, we have also calculated a formula of the third degree 

t 



It 



= lo [(1 + 



<''»ioii-+ 



"■■'(4j+«(roo)l'H 



for 
aid 



the expansion of platinum between — 183° and + 80° by the 
of Bknoit's observations from 0° to + 80°, in which formula 
{a'), (6'), (c') refer to the length at the ordinary temperature imme- 
diately after the cooling. 
The agreement of 



Benoit and 

\ Kamerlingh Onnes 

and Clay (1905) 



Platinum 



(a ) 875.3 
ii83^ (b') 31.6 
(c) —1.49 



(a) 874.9 

— 190° ^^'^ ^^-^^ ' ^^^^^^ ^^^^^ 
{&) —6.94 



is pretty satisfactory. Substitution of Scheei/s values for those of 
Benoit would bring about only a slight change in the first grmip 
of coefficients. 



Anatomy. — '*()n the Development of the Corpus callosum in the 
human Brain.'' By Prof. J. W. Langelaan. (Communicated by 
Prof. T. Place). 

Tiie points that at this moment seem of interest in the history 
of the development of the corpus callosum have been clearly for- 
mulated by Retzius ^) in the form of tjuestions. Two of these are: 
i. Where does the corpus callosum originate? 2. Of what 



1) Retzius. Das Menschenhirn. Stockholm 189G. p. 0. 
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elemenls is it composed at its first appearance? The third question 
of Rktzius has been amplified by Zuckkrkandl ^) and may be fornni- 
lated as follows*, what are the changes occurring in the mesial wall 
of the ])allium in consequence of the development of the corpus 
callosum? 

For the answering of the first question a human embryo of the 
beginning of the fourth month was at my disposal. The fronto- 
occipital diameter of the corpus callosum amounted to but 0.5 m.jn. 
Figure 1 shows a frontal section through the more posterior part of 
the lamina terminalis. 

The plane of section deviating a little from the frontal plane, that 
which is shown in the right part of the drawing is more frontal ly 
placed than that which is shown in the left part. 

As appears from the drawing the corpus callosum lies in the 
lamina terminalis; especially on the left this is clearly evident, where 
the underborder of the pallium goes over into a taenia (7") which 
is bent in and passes over into the lamina terminalis {L.t), The fact 
that the ependyma of the lamina terminalis, which is continued into 
the ependyma of the taenia, also spreads underneath the corpus 
callosum, obviates all doubt as to the existence of this relation. If 
now the sections are examined more frontally, it .will be seen, that 
the more frontal part of the corpus callosum no longer lies in the 
lamina terminalis. This part of the corpus callosum exceeds the 
limits of the lamina and is situated in the zone of union of the 
mesial walls of the pallium. This zone is built up of glia-tissue and 
in immediate continuity with the glia-layer covering the fore-side of 
the lamina terminalis. 

On the ground of this observation I believe that the corpus cal- 
losum originates in the lamina terminalis, very soon, however, in 
consequence of the enlargement of the commissure, preponderantly 
in a frontal direction, it encroaches on the lamina and lies partially 
in the zone of union of the pallia. 

Another embryo, of the middle of the fourth month, exhibits a 
corpus callosum with a maximum diameter of 2.5 m.m. Here the 
commissure is still entirely situated in front of the foramen Monroi. 
Figure II shows a frontal section through the more posterior part 
of the corpus callosum. In this section the corpus callosum {C.c.) 
lies most dorsally, laterally going over into the mesial wall of the 
pallium. In this wall, aside from the callosum, wc find the fornix 

^) ZucKERKANDL. Sltzb. K. Acad. der \V". iMalh. Nalurw. cl. Bd. CX. 1j. Mil. 
Wien 1901. p. 234. 
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(F.) which, in the mesial wall of the pallium, is not clearly dis- 
tinguishable from the corpus callosum. Downwards, the fornix may 
be followed as far as the anterior commissure (Ca.). In the angle, 
where callosum and fornix meet, lies a bundle of fibi^es (Ps.) 
ventrally from the corpus callosum and coming from behind. This 
bundle crosses in the middle-line another bundle of the same kind 
coming from the opposite direction. This crossing-system is the 
fornix-commissure. More frontally this commissure is wanting and 
only the callosum and the fornix are present in the relation I just 
now described. 

From the topographical relation of the corpus callosum to the 
fornix-commissure the deduction may be made that the more posterior 
part of the callosum is equivalent to the splenium. In the same way 
it follows from the relation of the callosum to the fornix-bundle that 
the more anterior part of the callosum corresponds with the genu 
of that structure. The origin of the corpus callosum therefore 
comprises the whole commissure, and consequently the growth of 
the corpus callosum does not take place by means of the apposition 
of new systems of fibres, but by an equable enlai'gement in corre- 
spondence with the growth of the pallium. 

The most preponderant change in the structure of the mesial wall 
of the pallium at the place of origin of the callosum consists in the 
cortex-layer bending a little inward and ending with a sharp edge. 
The middle-layer of the wall of the pallium gets richer in nuclei; 
these nuclei surround the callosum and the fornix like a cap. Along 
the lower edge of the cortex-layer they penetrate into the marginal- 
zone of the wall of the pallium. By this process the marginal-zone 
disappears as a separate layer. 

In the zone of union of the mesial walls of the pallium the changes 
in the structure of this wall are more considerable; the observation, 
that the most mesial bundles of the fornix pass through the glia- 
tissue of this zone of union, seems of importance here, as from this 
fact may be derived, that the re-constructed mesial wall of the 
pallium — the later septum lucidum — comprises more than the 
original mesial wall. 

Fig. 1. 
Frontal section of the more posterior part of the lamina terminalis. 
Section 20 fi stained with haematoxylin and eosin. EnL 16.5 diam. 

Cji. Anterior commissure. L,t, Lamina terminalis. 

C.c. Corpus callosum. L.tr. Lamina trapezoidea. 

Cxh. Corpus chorioideum. T. Taenia. 
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F, Fornix. - V.h Lateral ventricle. 

Lx. Limbus corticalis. V,t Third ventricle. 
L.m. Limbus medullaris. 

Fig. II. 

Frontal section through the more posterior part of the corpus 

callosum. Section 15 fi stained with haematoxylin and eosin. Enl. 
13 diam. 

C Zone of union of the pallia. Lx, Limbus corticalis. 

C.a. Anterior commissure. ^ L,m, Limbus medullaris. 

C.c. Corpus callosum. L,tr, Lamina trapezoidea. 

C.cA. Corpus chorioideum. Ps. Fornix commmissure. 

Cstr. Corpus striatum. V.l Lateral ventricle. 

F. Fornix. V.t Third ventricle. 



Mathematics. — ''On an infinite product, represented by a definite 
integral'' By Prof. W. Kapteyn. 

The object of this paper is to v^^rite the infinite product 

fi(i + -^) 

in the form of a definite integral. 

This product is connected with mod. r(u-\- iv), for 
mod. r(ti + tt>) = r(M) . e-P («.") (u > 0) 



where 



thus 



and 






mod.* r{u -\- iv) = 









«=oV 

rM«) 



mod* r{u + iv) 

To write the second member of this equation in the form of a 
definite integral, we start from Weierstrass' definition 



1 1 r 

r{z) 2mJ 
w 



where the integral is taken along a curve 11' commencing at negative 
Nielsen. Handbuch der Theorie der Gammafunclionen p. 23. 

23 
Proceedings Royal Acad. Amsterdam. Vol. X. 



Digitized by 



Google 



( 348) 

infinity, circulating around the origin in the positive direction, and 
returning to negative infinity again; thus 

I\^) J J 

. 

and if z=zu -^ iv 

:— =^ CT'^^I C08 (^w)+t sin (nu) J | ^— 'ift-«j cos {vlg «)— t sin (vlg t) J dt 



— c'^" j COS (jfu) — i sin {jtu) j | «~^ < -«*( co« (rZ^ t)— i «in {vlg t)\dt. 



Writing 

r e-^t-^ cos {vlg t)dt= M 












'^1r'^sin{vlgt)dtz=iN 






lin 







2^ . .. 

^ 1 «/9 




we obt( 








a 


= {e-^ -1 


- ^'^'0 


«in (jtm) M + (e'^'* — e-'^*') 


c(w (jim) A^ 


and 


^ 


= (e'^'-' — 


■ e-'"') 


ws {nu) M — (g'^*^ -f- «-"") ^ 


nn {nu) N 




i 


«• + ^> : 


= (e^''« 


— 2 cos 27tU + 6-2"«^) (M ' 


H-iV). 


Now 


we 


have 










M' 


=/;-. 


" ^ ** cos {v g x) dx . 1 e—y y « ro^ 


r {vlg y) dy 

















6~^ a?"~" «in (rZgr .i?) dx . I e-"y y^" sin {vlg y) dy 



so 



or in polar coordinates, putting 

x=zrcosff, y = r sin 

It 

M^ + N^ = j I e-'-(<^ose+sine) (y« ^i^j ^ cos ^)-« co5 (ijZ^ «^ ff) rdrdd . 







This double integral may be reduced to a single one, for 
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J^* r(2 — 2u) 





therefore 



M' + N^= r(2 — 2tt) I eo^ (via to d) --^ . ^^,, , d^ 



r« 4- iV« = r(2 — 2tt) I' con (vlg tg 6) - 



{co8 6 + nn ^)2-2u 



or 

^ ^ ^ ^ (co« ^ + «n (9)2-2tt 



If in this integral, we change the variable by the substitution 

tgez=e-^t 

it takes the form: 

af« + iV« =z= 4 r(2— 2tt) I , ^ / /, , 



With this value we find 



n ( l+-_-)=_lijL -V--2co.2^t. + .-2..)| 



r- = 4 r(2 — 2li) («2^^ — 2 C0« 2 ^U + ^27ri;) 1 i i_^ 



and finally 

cos(2vt)dt 



which holds for all values of Vy and for valuesofi^ between and 1. 

z 1 3 

If for instance we put v = -— , u=: - and - we obtain 
^ 2n 4 4 

and 





23* 
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Writing « ^ 1 — u' we may also conclude from the pi-eceding that 
1 



mod' ril — a' + tr) 
or, because 






r(u' + tr) r(i - 14' + »») = - * 



«m ff (u' -{- to) 

«.od'r(«' + tV) = 4r(2u)J^-i^i!^ 



which formula holds not only for 0<t*'<l, but also for ?/' > 1. 
Introducing in this equation, the infinite product, we have 

/*aw(2rt)(ft _ r*(«') 1 

a formula which enables us to write the integral in a finite form in 
two cases viz. w' = n and w'=:n — -. If M'=:n=: positive number 



with 



this gives 



ioO+(-iT^)=lO+?)^ 



00 /7 ( 1 _|_ _ ) 

/'COS (2vt) dt __nv r* (n) ,=1 \^ sy 

(«<+^0*" "~ 2r(2n) g7r(;_^-K» 



If ^^' = /I , we have 

2 



this result 



£0 + i;r4+^)=J.(' + (TTo=) 



5=0 

which gives with 



/* COS (2 ri) c?« _ n(n— 4) 



n-2/ t;« \ 



«=oV 



^n*; _j_ ^~nv 
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Physics. — ''Magnetic resohuion of spectral lines and magnetic 
forcer By Prof. P. Zbbman. (Second part). ') 

Asymmetry in strong fields, 

2. By means of the method of the non-uniform field, described 
in the first part of this communication, it is possible to survey at 
one glance a phenomenon dependent upon the intensity o1 the 
magnetic field for a series of different intensities, all other ciicum- 
stances surely being the same. 

I there proposed to use this method for a more minute study 
concerning an asymirfetry of the resolution of spectral lines first 
predicted from theory by Voigt ') and lately considered by Lorentz •) 
from another point of view. 

The theoretical result of Voigt, applying to the case of resolution 
into a triplet, may be given in his own words: "dass das normal 
zu den Kraftlinien wahrnehmbare Duplet der parallel zu E [magnetic 
force] polarisirten Componenten bei kleineren Feldstarken iu der 
Weise unsymmetrisch ist, dass die nach Rot liegende Componente die 
grossere Intensitcit, die nach Violett hin liegende aher den gfosseren 
Abstand von der ursprilnglichen AbsorptionsUnie besitzt'* Voigt here 
mentions an absorption line because he considers the so called in- 
verse effect, by reason however of the parallellism of the pheno- 
mena of emission and absorption, the emission lines show analogous 
phenomena. 

The amount of the asymmetry of the distances, i. e. the difference 
of the distances of the outer components from the middle line, ought 
to be on Voigt's theory independent of the strength of the magnetic 
field. Moreover it is to be inferred that the described asymmetry 
must be scarcely observable. 

On a former occasion *) 1 have given some examples of asymme* 
trical resolution and measurements since published by other physicists 
undoubtedly go far towards confirming these results. 

A more minute investigation of the course of the magnetic separa- 
tion, when the scale of field intensities from large to small values 
is traversed, is I think still of great theoretical interest. The most 
interesting parts of the scale are of course the very strong and the 
weak fields. 



1) Continued from Proceedings of April 1906. 

«) Voigt. Ann. d. Phys 1. p. 376. 1900. 

s) LoRBNTz. These Proceedings November, December 1905. 

«) Zkhcan. ibid. December 1899. Archi?. Neerl. (2) T. 5. 237—242. 1900. 
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The most striking example of asymmetrical resolution that I know 
of, occurs in the case of one of the yellow mercury lines (5791). 
The structure of a line like this one cannot be made out by means 
of Michelson's interferometer. Indeed the assumption of symmetry, 
which is, as has been proved by Lord Rayleigh ^), necessary to 
deduce the structure from the visibility curve in this case certainly 
is unjustified. 

3. Following the method described in the first part of this paper 
I have made some experiments concerning the mentioned spectral 
line in strong fields. For the Rowland grating used in mj- obser- 
vations I am indebted to the dutch Society of Sciences at Haarlem. 
Presently I hope to give an account of results obtained in weak 
fields by means of an interference method. 

The grating has 10.000 lines to the inch and a radius of curvature 
of 6.5 M., the divided part being of 14 cm. width. In the use of 
my method the grating necessarily should be mounted in such a 
manner that to every point of the slit corresponds only one point 
of the spectral image. Rowland's concave grating can be mounts 
in a non-astigmatic manner as has been remarked by Rungr and 
Paschen ') and this arrangement was made use of in former inves- 
tigations by myself, *) Hallo and Geest. ^) 

All observations recorded in the present paper were made with 
the spectrum of the first order. 

4. Whereas the mercury line 5791 is resolved asymmetrically, the 
neighbouring line 5770 is resolved by the magnetic field into a 
perfectly symmetrical triplet, or at least very approximately so. I 
have used this circumstance for applying the optical method of 
measurement of field (see $ 1), the mentioned yellow lines being 
easily photographed simultaneously. 

Fig. 1 represents a ninefold enlargement of one of the negatives. 
According to measurements of Fabry and Perot the difference of 
wavelength of the yellow mercury lines is 5790.66 — 5769.60 = 21.06 
A.U., hence 1 m.m. in Fig. 1 corresponds to 0.551 A.U. Inspection 
of Fig. 1 clearly shows that line 5791 is asymmetrically resolved. 
Perhaps this is still more evident in the enlargements Figures 2 and 
3 of parts of Fig. 1. 



1) Rayleigh. Phil. Mag. November 1892. 

2) RuNGE and Paschen. Wied. Ann. Bd. 61. p. 641. 1897. 

8) Zeeman. Archiv. Neerl. (2) T. 5. 237. 1900, T. 7. 465. 1902. These Proc. 
May 1902, May 1903, Dec. 1904. 
*) Hallo. Archiv. Neerl. (2) T, 10. p. 148., Geest. (2) T. 10 p. 291. 1^906. 
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Our object of investigation is the relation between asymmetry and 
strength of field. 

The measurements were made in the following way. The negative 
was placed on the comparator, in such a manner, that tiie middle 
line of one of the triplets was contained between the two parallel 
wires in the reading microscope. The parallel wires had been placed 
previously at right angles to the direction of motion of the negative. 
Ii appeared that if with one of the triplets the desired coincidence 
had been obtained, this was also the case with the other. An extra 
system of cross wires, crossing under an angle of about 50**, was 
used in the measurements and made it possible to determine the 
resolution in the selected point of the lines. 

The resolution of one line having been measured for a definite 
value of the magnetic force, the corresponding resolution in the 
corresponding point of the second line was determined immediately 
afterwards. 

The lino 5770 appeared to be divided almost exactly symmetri- 
cally, so that the resolution could be taken as a measure of the 
magnetic force. 

On the obtained negatives 34 series of measurements were made. 
They relate to different points of 10 negatives made at different times. 

The vacuum tubes used were intentionally made somewhat dissimilar. 

In order to control the results the negatives were taken with 
different maximum intensity of field. 

Finally the negatives obtained can be distribute into two groups, 
differing by the position of the grating. After taking 7 negatives I 
resolved to rotate the grating in its own plane through ISO"" in order 
to see whether this had some influence on the asymmetry. 

This appeared to be not the case, but the apparent distribution of 
intensities changed in a remarkable manner. Whereas in one position 
of the grating figures 1 — 5 were obtained, the middle line being 
strong and the outer components rather weak, the distribution of 
light after rotation became reversed. In this position of the grating 
Fig. 1 of my last paper was taken. (See these Proceedings October 
1907). The middle line is very weak and the outer components 
predominate. 

5. The results of the measurements are dealed with in the following 
way. The amounts of separation of line 5791 towards the i-ed and 
towards the violet are supposed to be functions of the separation 
of line 5770, which may be treated as proportional to the magnetic 
force. The separations of line 5770 may be taken as abscissae, the 
two other separations as ordinates. 
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Groups of four or five single proximate resuUs simply were com- 
bined by assigning to each mean abscissa tlie mean ordinate. 

The 2x7 principal values thus obtained are given in the first 
three columns of the following table. 



Mean 


Separation 5791 




Intensity of 


separation 


towards 


towards 


Asymmetry 


field 


5770 


red 


violet 




in Gauss 


270 


234 


259 


25 


14800 

• 


328 


283 


312 


29 


18020 


362 


313 


345 


32 


19860 


399 


353 


388 


35 


21910 


4i0 


394 


431 


37 


24140 


453 


404 


442 


38 


24880 


532 


475 


523 


48 


29220 



All these differences of wavelength are given in thousandths of 
an Angstrom unit. 

The fourth column in like manner gives the amount of the 
asymmetry. 

6. The last column contains the field intensity in Gauss. In cal- 
culating it I have assumed proportionality between separation and 
magnetic force. 

Increasing accuracy of the measurements has furnished continually 
increasing arguments for this proportionality and the investigations of 
Farber ^), Weiss and Cotton '), Paschen *) and Stettknheimer *) have 
given a high degree of certainty to this simple law. 

The numbers in the fifth column are deduced from those in the 
first by means of the separations of line 5770 + 0.414 and — 0.415 
given by Runge and Paschen for the field used in their investigation. 

The measurements of Runge and Paschen concerning the mercury 
lines refer, as Prof. Paschen has kindly commmunicated to me, to 
a field of 22750 Gauss according to measurements made in his 
laboratory by Frl. Stettenheimer, and of 22780 Gauss according 



1) Farber. Diss. Tubingen, 1902; Ann. d. Phys. 9, 886, 1902. 

2) Weiss and Cotton. Journal de Physique. Juin 1907. 

-') Paschen. Physik. Zeitschr. 8 Jahrgang N\ 16. 522, 1907. 

*) Stettenheimeb. Diss. Tubingen, 1907; Ann. d. Phys. 24, 384 1907. 
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to measnremente, not hitherto published, by Gmrt.in. In reducing 
my observations I have therefore taken 22765 as ilie value of the 
magnetic force belonging to the mean of the two numbers mentioned 
for the separation. 

7. The results are graphically represented in the following dia- 
gram. The abscissae are the separations of line 5770 in A.U., and 
the corresponding field intensities in Gauss, the ordinates the corre- 
sponding separations of 5791. The small crosses represent the obser- 
vations of the table in $ 5. 

The full freehand lines give the best mean result of the observa- 
tions. (See $ 9). 

The signification of the upper dotted straight line is the following. 
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The mean of the 34 single values of the asymmetry is 0.036 A.U. 
The straight dotted line has been traced parallel to the lower line 
at a distance of 36 thousandths of an Angstrom unit, measured 
along the ordinate. 

8. We may infer from our observations that with the fields used, 
from 15000 to 30000 Gauss, an asymmetry undoubtedly exists which 



Digitized by 



Google 



( 356 ) 

to say the least bears a very striking resemblanoe to the one deduced 
from theory by Voigt. 

In both cases, the theoretical one and that following from our 
experiments, there is a difference of the distances between the central 
line and the two outer components, in this sense that the component 
towards the red is nearer to the middle line than that towards the 
violet, just as predicted by theory. 

There exists also an asymmetry of the intensities of the outer 
components in the sense indicated by theory. 

An inspection e. g. of the original negative of which Fig. 1 is a 
nine-fold reproduction, or of the reproduction Fig. 1, or better of 
reprints on photographic paper of the 29-fold enlargement given in 
Fig. 2 or even of that figure reveals the existence of a very small 
asymmetry of intensity. This is* perhaps most clearly seen by looking 
at the figure from a not too small distance, covering the central line 
with a small strip of paper. No trace of asymmetry can be seen in 
the triplet of line 5770, see also the enlargements Fig. 4 and Fig. 5 
of the middle and outer parts of the right of Fig. J. 

On the other hand thei^e seems to be a difference between theory 
and observation in this respect, that the ainount of asymn^etry appears 
to be not constant. The tstble of $ 5 and the graphical representation 
clearly indicate that when the magnetic force decreases from 30000 
to 15000 Gauss the asymmetry also is nearly halved. ^). 

An error of an amount sufficient to bring a single point of the 
upper line on the dotted one is not absolutely excluded (see \ 9). 
[For the right part of the diagram the error ought to. be three times 
the probable error of one single of the principal values (see $ 5) and 
would happen therefore on the average in one out of every twenty 
three cases]. 

We have however reasonable security against a ^combination of 
erroi-s which would move all the points of the full line to the 
dotted one. 

Of course we cannot deduce from the now determined part of 
the upper line whether or not it will approach asymptotically to a 
finite distance of the lower one. 

9. We may now consider the question as to the best fitting 
straight lines to our two systems of points. 

Measuring the divergencies at right angles to the line the best fit 
will be obtained if we make the sum of the squares of the perpen- 



1) An excellent series of measurements made after the writing of this article 
gives a somewhat lower rate of decrease, the mean value of the asymmetry 
being the same. 
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diciilai'S from the system of points to the lino a minimum. Tlie line 
thus determined will be the principal axis of iueriia of the system 
of points -). 

Performing this calculation we find that the best fitting lower line 
passes through the point with the coordinates 398, 351, at a slope 
determined by tf^ = 43*'6'. For the upper line these numbers become 
398, 386, whereas <9, = 45°35'. 

In order to judge of the accuracy obtained in the representation 
of the observations by these straight lines the following table may 
serve. The third and fourth column, resp. the sixth and seventh 
column contain the errors of the abscissae and ordinates of the two 
point systems to be assumed, if the straight lines are supposed correct. 



Mean 
separation 

5770 


Separation 

5791 
towards red 


A«l 


LO^ 


Separation 

5791 

towards 

violet 


LOi 


AO, 


270 


234 


+ 1.6 


- 1.8 


259 


+ 1.4 


— 1.3 


328 


283 


- 1.2 


+ 1.4 


312 


— 1.6 


+ 1.6 


362 


313 


— 2.1 


+ 2.2 


345 


- 2.0 


-f- 2.0 


399 


353 


+ 0.1 


— 0.1 


388 








440 


394 


+ 1.3 


— 1.5 


43t 


+ 1.0 


— 0.9 


453 


404 


+ 0.2 


- 0.2 


442 








5)2 


475 


- 1.0 


+ 1.2 


523 









It appears from this table that the lines completely represent the 
observations, if we admit mean uncertainty of 0.0013 A. U. in 
the observations concerning line 5770 and of 0.0014 A. U. resp. 
of 0.0011 A. U. in the determination of the components towards the 
red resp. towards the violet in the case of line 5791 ; we must 
admit these as appears from the distribution of deviations. 

10. The position of one point of each line may still be checked 
by the observations of Runge and Paschkn. They give for the sepam- 
tion in the case of line 5770 towards the red resp. towards the 
violet + 414 ± 1.7 resp. — 415 ± 1-7, whereas for the same magnetic 



^) Karl Pearson. On Lines and Planes of closest Fit to Systems of Points in 
space. Phil. Mag. p. 559. Vol. 2. 1901. Here we read: "The best fitting straight 
line for a system of points in a space of any order goes through the centroid 
of the system'' cf. Keesom . These Proceedings 31 May, 1902. 
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force these numbers for line 5791 become + 366 + 6.7 resp. 399 + 6.7, 
the values preceded by + indicating the mean error. According to 
our observations to the abscissa 415 correspond the ordinates 368 
and 403, hence a very good agreement. 

11. From the extremely small amount of the asymmetry viz. 
0.036 A. U. one might infer after comparison with the width of the 
spectral lines in our figures that the asymmetry is only a small part 
of the real width of the line. Such a conclusion would however be 
too rash. 

It is true that from our figures and from their originals follows 
an apparent width of the outer components of about 0.190 A. U. 
The negative of Fig. 1 was not taken however with extremely narrow 
slit, but with a width of slit of 0.08 m.ra. Other photographs taken 
with a width of slit of 0.02 m.m. gave a somewhat smaller apparent 
width of the spectral line as the first result. 

To be sure however of the real width of the line, which is of 

some importance here, I made an independent determination by means 

of an echelon spectroscope of high resolving power, the mercury tube 

being under the same circumstances, as in the experiments under 

review. The width of the spectral line appeared to be the Vn^^ pa>'t 

of the distance of two successive orders of the echelon. In the 

vicinity of the yellow mercury lines this distance is 0.694 A. U. 

0.694 
hence the width of these lines is about — — = 0.063 A. U. 

We may compare this result with a value we may deduce from 
results obtained by MiCHEiiSON. Michelson's analysis ^) by means of the 
interferometer shows that in a field of 10000 Gauss the whole sepa- 
ration of the yellow mercury lines is 0.36 A. U. From his diagram 
on pag. 354 1. c. we infer that the width of the spectral line was 
under the circumstances of the case one fourth part of the separation 
or 0.09 A. U. . 

Hence taking a mean value for the ividth of 0.07 A. U. we 
conclude that the asymmetry amounts to about one half of the 
width of the line or at any rate that width and asymmetry ai-e of 
the same oi*der of magnitude. 



MiGHELSON. Phil. mag. Vol. 45, p. 348. 1898. 
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p. ZEEMAN. ''Magnetic resolution of spectral lines and magnetic force/' (Second part). 

Plate m. 

Fig. 2. Fig. 3. 



ii 



V r 



n 



I 



5791 

Knlargcinonl of middle part of 

5791. Fig. 1. 



5791 

Enlargement of point of 

5791. Fig. 1. 



Fig. 4. 



Fig. 5. 



V r 




5770 

Enlargement of middle part of 

5770. Fig. i. 

Proceedings Royal Acad. Amsterdam. Vol. X 



5770 
Enlargement of point of 
5770. Fig. 1. 



Digitized by 



Google 



Digitized by 



Google 



p. ZEEMAN. ''Magnetic resolution of speciral lines and magnetic force/' 
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EXPLANATION OF PLATES H AND IIL 

Plate IL Fig. 1. The figure is an enlargement (about nine-fold) of the original 
negative. The yellow mercury lines 5791 and 5770 in a non-uniform field. 1 mm. 
in figure is 0.551 A. U. 

Plate IIL Fig. 2—5 enlarged 29 times after the original. 

Fig. 2. Middle part of line 5791 in Fig. 1. i asymmetrical 

Fig. 3. Point of line 5791 in Fig. 1. » separation. 

Fig. 4. Middle part of line 5770 in Fig. 1. i synunetrical 

Fig 5. Point of Une 5770 in Fig. 1. I separation. 

The letters r and v indicate the parts towards the red and towards the violet 
ends of the spectrum. 



Botany. — ''On a double reduction of tlie number of chromosomes 
during the formation of the seomal cells and on a subsequent 
double fertilisation in some species of Polytrichum.'' By Dr. W. 
DocTERS VAN Leedwen and Mrs. J. Docters van Lebuwen- 
Reynvaan. (Communicated by Prof. F. A. F. C. Went). 

In 1904 there appeared an investigation by Ikbno *) on spermato- 
genesis in Marchantia polymorpha. Since then quite a number of 
researches on this subject have been carried out with liverworts. 
Here and there an occasional reference to the true Mosses has been 
made, but, as far as we are aware, nothing has been published 
on their spermatogenesis since the appearance of Ikeno's paper. 

The older publications, e. g. those of Guignard ') and of Stras- 
buroer'), treat exclusively of the final changes of the spermatids to 
spermatozoids. For this reason we began the present investigation 
in 1904 soon after the publication of Ikeno's memoir; we obtained 
results, differing so widely from the ordinary conceptions, that we 
investigated, not only the spermatogenesis, but also the development 
and the fertilisation of the ovum. 

The material was fixed at a suitable time, mostly in the field, by 
a sublimate mixture, and was afterwards stained with iron-haema- 
toxylin according to Hbidenhain. We used Polytrichum piliferum, 
P. juniperinum and P. formosuni. It is our intention to give a 
more detailed account of the work and of the methods which we 
have employed, in the Recueil des Travaux Botaniques Neerlandais. 

Ikeno made the remarkable discovery that in the antheridial cells, 
immediately before division, a small round body passed out of the 



1) Ikeno. Beiheftc zum Botan. Centralblatt. Bd. 16, 1903. 

2) Guignard. Revue gen. de botanique I, 1889. 
s) Strasburger. Hist. Beitr. Heft lY, 1892. 
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nucleus into the cytoplasm and divided itself into two parts, which 
during mitosis wandered to the poles of the spindle, like true centro- 
somes. Since then these centrosomes have been found again in many 
other liverworts, but according to some observers, they seem to be 
absent from the divisions in the antheridia of Pellia. 

At thre diaster stage the centrosome disappeared, only to emerge 
again from the nucleus at a subsequent division. At the last division 
only of the antheridial cells it remained in the cytoplasm and was 
transformed into the blepharoplast. For this reason Ikeno considers 
the blepharoplast of the liverworts to be homologous with the 
centrosome. 

Many arguments, both for and against this view, have afterwards 
been advanced, which we will not discuss further. Without a detailed 
review of the literature such a discussion would scarcely be possible. 

Our results with Polytrichum agree in part with those published 
by Ikeno and others^ but also at the same time differ from them in 
certain respects. 

I. On the growth of the anth&iidial cells and on spermatogenesis. 

In the antheridia the cells are closely packed. The nuclei are 
spherical and contain at their centre a substance, which is deeply 
stained by iron-haematoxylin. We do not propose to discuss whether 
this is, or is not, a nucleolus. There is no agreement in the literature 
on this point and different investigators designate by nucleolus the 
most widely different structures. It is, however, usual in botanical 
literature to call such a body a nucleolus, though it also takes up 
the other chromatin stains very readily. However this may be, the 
dark mass lies in the middle of the nucleus, and slightly more to- 
wards the periphery there is, in addition, another fairly large, black 
corpuscle. 

If nuclei are examined in various stages of rest and mitosis, those, 
which are furthest removed from their next division only show the 
central black mass. A little later the corpuscle also appears, at first 
connected to the central mass by a thin black thread. Soon this 
connexion disappears and the corpuscle approaches more and more 
the nuclear membmne. After some time it emerges from the nucleus 
and remains imbedded in the cytoplasm, in contact with the nuclear 
membrane. The corpuscle which was at first round, now becomes 
rod-shaped and afterwards undergoes constriction in the middle, thus 
assuming a dumb-bell shape. It subsequently divides into small spheres, 
which move along the nuclear membrane and which become more 
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ind more widely separated. At this stage each little corpuscle is 
surrounded by a light border, which becomes especially noticeable, 
when the corpuscles separate from the nucleus. 

During mitosis the two corpuscles are found at the tops of the 
spindle and hence may well be called centrosomes. There are, 
especially during division, many black granules in the cytoplasm. 
This always renders the investigation more difficult, but in the first 
place the two centrosomes are larger than the other granules and 
secondly they are surrounded by a lightborder. In the case of 
animal cells their centrosome nature would not be doubted, but with 
vegetable cells a certain amount of reserve is still very desirable. 
We do not hesitate, however, to call these bodies centrosomes. Of 
course they do not stain well in all mitoses. Any one who has 
searched for centrosomes in animal tissues, knows, that the staining 
of these corpuscles is difficult, even in objects which are famous for 
them. The centrosomes of Polytrichum accordingly have a chromatic 
origin. They originate in the nucleus and divide into two in the 
cytoplasm. 

Ikeno describes these corpuscles as disappearing in the diaster 
stage. This is not the case in Polytrichum. They do not remain in 
their places, but may be found in various cells moving more and 
more to the other side of the chromosomes, so that at last they lie 
opposite each other among the spindle threads, which unite the two 
chromosome masses. When the daughter nuclei have only just been 
formed and the chromosomes are therefore still more or less clearly 
visible, the corpuscle lies between them; afterwards everything be- 
comes a black mass. At the last division of the antheridial cells the 
centrosome is also taken up in the nucleus and there is here no 
deviation from what is found in liverworts. 

After this, such changes begin, as finally lead to the formation ot 
the spermatozoids. 

We did not succeed in finding young sporogonia with many young 
spoie mother-cells undergoing division. 

We found, however, numerous dividing nuclei in the vegetative 
cells of young sporogonia and hence it was not difficult to make 
out the actual number of the chromosomes. The chromosomes are 
small, but they are sharply differentiated and may be especially well 
recognised in the equatorial plane. We found that the cells of the 
sporogonium have 12 chromosomes. 

Judging from analogy with what is known of liverworts and 
vascular cryptogams, it was safe to assume that in the formation of 
the spores a reduction of the chromosomes would take place, and 



Digitized by 



Google 



( 362 ) 

that their number in the gametophyte would hence be six. We did 
in fact, always find six chromosomes in the cells of the antheridium 
and in those of the female plants. 

When the antheridia have arrived at the end of their development, 
the chromosomes assume a different appearance. At ftrst they are, 
relatively to their length, fairly thick rodlets. At the last but one 
division, however, they have the same length, but become much 
thinner and are no longer so smooth. At this stage six chromosomes 
can always still be clearly obser\ed. At the last division, and there- 
fore immediately before the actual formation of the spermatozoids, 
three of the six chromosomes go to one pole and three to the other pole. 

The nuclei of the spermatozoids therefore do not contain six, but 
three chromosomes, i. e. a quarter of the number contained in the 
nuclei of the vegetative generation. 

The cells, in which the reducing division has taken place, and 
which therefore are about to develop into spermatozoids, may be 
recognized by their almost invisible cell wall and by their beginning 
to round themselves off. The nucleus has again a central mass of 
chromatin, which is, however, appreciably smaller than that in the 
younger cells. 

This mass again extrudes a chromatin granule in the usual manner 
which travels to the periphery and then emerges from the nucleus. 
The corpuscle arises therefore in the same way as the centi-osome 
in the cells undergoing division. It does not, however, divide but 
goes at once to the periphery of the cell. Meanwhile a piece is 
again separated from the mass of chromatin in the nucleus, and this 
time the part separated off is so large, that it is often almost equal 
to the remainder. At first the two portions remain connected, but 
afterwards they become completely separated and finally the part 
of the chromatin which has been split off, wanders out of the nucleus. 

Ikeno also describes in the changed spermatids of Marchantia the 
occurrence of a chromatin body by the side of the nucleus, when 
the centrosorae has already quite reached the periphery. 

Where it comes from, he does not know, nor what subsequently 
happens to it; he only says that the organ disappears again later 
and calls it "chromatoii'de Nebenkorper", which name we may retain. 

Having arrived outside the nucleus, it changes its shape in Poly- 
trichura and extends itself to a bent rodlet. This rodlet grows further, 
till at last it becomes a closed circular body. Afterwards it again 
becomes indistinct and in subsequent stages it can only be seen as 
a dotted ring, which finally disappears completely. We have not 
been able to discover anything about the significance of this body. 
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Meanwhile the centrosome has also changed its form. It has become 
somewhat longer and more or less cudgel-shaped. At the obtuse end 
a thin band then becomes visible, which goes along the periphery 
of the cell. The progressive differentiation of this band starts from 
the centrosome and proceeds in the direction of the nucleus. The 
latter has also travelled to the periphery, at that side, which is 
opposite the centrosome. 

A similar band, which extends from the blepharoplast to the 
nucleus, has also been described by Ikeno. According to him it 
originates in the cytoplasm and is stained in the same way as the 
latter, but more intensely. 

In our preparations which were stained with iron-haematoxylin, 
it is very clearly visible and sharply marked out in black, but a 
difference from the staining of the chromatin may nevertheless be 
observed. 

While this band slowly grows out and the "chromatoide Neben- 
korper" disappears, a quantity of chromatin is separated off for the 
third time from the chromatin mass of the nucleus. This time however, 
only a very small body is formed, which also emerges from the 
nucleus, but mostly remains very close to the nuclear membrane ; 
the latter can only be seen very indistinctly. * 

In a somewhat later stage the band extends along half the circum- 
ference of the cell and has therefore nearly reached the nucleus. 
The third chromatin body is found at the end of the band and in 
contact with the nucleus, so that in the spermatozoid it lies between 
the band and the modified nucleus. 

The changes which the nucleus itself undergoes in the formation 
of the spermatozoid have already been described in detail bySxRAS- 
BURGER and others ; it seems to us therefore unnecessary to investi- 
gate this matter further. 

II. Development of the Ovum and Fertilisation, 

In the young archegonia the mother cell of the ovum is especially 
large. During the further development of the archegonium this cell 
divides into two and thus gives rise to an ovum and a ventral 
canal-cell. A point of difference from many other mosses is, that in 
the species of Polytrichum, which we have examined, the two 
cells are of exactly the same size. These cells now round themselves 
off and then lie loose in the venter of the archegonium. The venter 
increases in size and the cells which have been rounded off, separate 
from each other, till one lies at the base of the venter, and the 
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other close to the first of the neck canal-cells. Meanwhile these 
latter degenerate, i.e. their walls disappear and they become some- 
what rounded, so that they lie detached in the neck. 

The top of the neck opens and through the opening the neck 
canal-cells pass out. This could be seen in living specimens with 
mature archegonia ; when they were placed in water, the neck soon 
opened and the cells appeared one by one. 

At the stage when the neck-cells have beconae separated and the 
neck itself is about to open, a large number of the neck-cells may 
be found, in fixed preparations, in the venter of the archegonium. 
They lie loose round the ovum and the ventral canal-cell. 

The ventral canal-cell now approaches the ovum and applies itself 
to the latter. No demarcation between the cytoplasm of the two cells 
can then be observed. The two nuclei lie side b}^ side and gradually 
fuse. This was observed by us several times and in all the successive 
stages. The rest of the venti-al canal-cell shrivels up and is extruded 
like the neck canal-cells. 

Finally the ovum lies by itself in the venter with a large, normal, 
round nucleus. 

A transformation of the neck canal-cells into mucilage, as described 
by Gayet^) and others, does not occur. Mucilage may indeed be 
found later in the neck, and may serve to attract spermatozoids, 
but it is probably secreted by the neck-cells themselves. 

It now became of great importance to know the number of 
chromosomes in the nucleus of the ovum. Unfortunately, as has 
already been remarked, only a very limited number of nuclear 
divisions can be found in the tissues of Mosses, (except in the anthe- 
ridia) and hence most of the ova were either in a stage before, or 
in a stage after that of nuclear division. In the other dividing cells 
of the archegonium there were always six chromosomes. At the stage 
immediately preceding mitosis, the nucleus of a young cell, which 
after division would form an ovum, showed six pieces of chromatin. 
Happily we found one very good mitotic stage. Here there was a 
large spindle, parallel to the axis of the archegonium, which proved 
that we had lighted on the division of the egg mother-cell. There 
were six chromosomes, and though they were still in contact with 
each other in pairs by one end, the other end was already directed 
to the top of the spindle. It was highly probable, that of the six 
chromosomes three were going to one and three to the other pole. 
The discovery of a nuclear fusion also leads to the supposition, that 



1) L. Gayet. Ann. des Sc. nat. Bot. S^rie 8, T. HI, 1897. 
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the number of chromosomes was again doubled in the ovum, which 
now awaited fertihsation in the venter; the latter already communi- 
cated with the exterior. 

These two discoveries seem to us to justify the conclusion that 
before fertilisation the ovum contains six chromosomes. 

We next had to attempt to find how there could be again twelve 
chromosomes after fertilisation. There were six chromosomes in the 
ovum and three in the spermatozoid. If fecundation were to take 
place in the ordinary manner, there would still only be nine chromo- 
somes, whereas the sporogonia have twelve. 

For this purpose we fixed and cut several hundred female plants 
of Polytrichum. There was of course only a small chance, that a 
given plant would contain a fertilized archegonium, fixed at the right 
moment. In a number of cases we found, however, the desired stages 
and so now possess a fine series of preparations, illustrating in regular 
succession, the fertilisation process from the penetration and modi- 
fication of the spermatozoid onwards. 

The number of spermatozoids which enter the venter of the arche- 
gonium is sometimes very great, but after some have penetrated into 
the ovum, the others no longer closely surround the ovum, but lie 
more in the direction of the neck. Hence it would appear that here 
also the fertilized egg exerts a repulsive action. 

The youngest stage, which we now possess, and which has been 
observed several times, shows near the periphery, but without a 
doubt imbedded in the cytoplasm of the ovum, two spermatozoids; 
their length, their shape, everything agrees with that view. 

In a later stage both are in contact with the nucleus; they have 
become thicker and shorter. This thickening and shortening proceeds 
until there are two oblong corpuscles, containing a few dark granules 
in their interior, and lying against the nucleus. 

We also found a few examples of the next stage, namely an ovum 
which clearly showed three nuclei, each with a thick mass of chro- 
matin, and another ovum, in which the demarcation between the 
three nuclei was no longer so obvious; the circumference of the 
nucleus in the latter case was, however, still indented and inside the 
nucleus there were three dark masses of chromatin. We find there- 
fore, that the cells of the sporophyte contain twelve chromosomes, 
that those of the gametophyte have six, and that the spermatozoids 
have three. The ovum has again six chromosomes after fusion with 
the ventral canal-cell, and after fecundation by two spermatozoids 
there are once more twelve chromosomes. 
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ERRATUM. 

In the Proceedings of the meeting of September 1907. 
p. 201 1. 8 from the bottom: for 300.000 read 30.000. 



(December 24, 1907). 
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